
SunV^'u, qu^ Ipse vlA sibi reppeiit usui* 

Vliio, pJcoRO. IL 90. 


NEW-YORK; 

G. ft C. CARVILL ft CO. 
1636. 




Hos iiatiira modos primti.ti dedit; his genus omne 
Sjrlvaram» frutlcumque vi-et, iiernorumque Mcrorum. 

Suut aUi» quod ipse vid sibi reppcrit U6U|. 

VXRG. pEORO. 11. aO. 


NEW-YORK: 

G. & C. CARVILL & CO 

1836 . 










EiLEMENTS 


OF 


B O T A JN Y 


Bv a»a. gray m;^) 

MICMBKA or THE CAESAR. LEOPOLD.*JAR. ACAD. KATUR£ CURlOSO&Ull^ AND 
or THE LYCBEM OP NATURAL HISTORY^ NBW YORX- 


Hos iiatuTR modoA primii:h dedit: his genus omne 
Sylvarum, fruticumque nemonimquo sacrorum. 

Sunt alii, quod ipse vl& sibi reppcrit usu|. 

VxRQ, PBORO. n. 30. 


NEW-YORK: 

G. A C. CARVILL & CO. 

18S6. 



■flEFACE. 


and the attMilUllUu of his diseases. fThus, to the prac¬ 
tical cultivatorjit suggests a knowledge of all tfiose 
. considerations necessary to ensuro success in adapting 
the plants pf one country to another; showing how 
diversities of soil, temperature, and atmospherical con¬ 
ditions, affect (the ftate and appearance of useful or 
(Ornamental plants; and affording the means of deter¬ 
mining, upon fixfd scientific principles, how far and 
in what manner the geographical limits of each spe¬ 
cies may be ^tended by art. By the-help of this 
knowledge, the, inhabitant of a northern temperate 
climate is not only enabled to increase the quantity 
and improve the quality of the vegetable productions 
indigenous arouhd him, but also to enjoy at his own 
homa many desirable fruits and flowers naturally con¬ 
fined to tropical regions. The Science likewise affords 
important assistance to the cultivator, by suggesting 
rational and effective means for eradicating noxious 
or pernicious plants, an attention to which would pre¬ 
vent, in many cases, much useless expenditure of time 
and labor; it also offers the means of readily determin¬ 
ing what plants are pernicious to other species, and 
what kinds may be advantageously associated in culti¬ 
vation. 

The medical enquirer is under great obligations to 
Botanical Science for affording a clue to the knowledge 
of the particular properties possessed by different 
plants ; so that even if placed in a land with the vege¬ 
tation of which he i,8 wholly unacquainted, he may decide 
Vith confidence as to the species in which certain medi¬ 
cinal agents or are not to be found ; what plants 
are wholly inert, what kinds may be expected to pro¬ 
duce esculent fruit, and what others should be looked 
* upon with suspicion, or the mere contact with which 
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should be sedulously avoided. It has often occurred 
within our personal knowledge, that plan!? possessing 
active and even dangerous properties have been pre¬ 
scribed by some igfiorant empiric without any restric¬ 
tion as to quantity, or any intimation that they were 
capable of producing ill effects; while, on the other 
hand, we have still more frequently witnessed the pre¬ 
scription, in cases of serious disease, of herbs perf^ctlj^ 
bland and inert, which were nevertheless extolled as 
possessing remedial properties of a very activ^kind, 
and the quantity regulated with^ the greatest possi¬ 
ble precision, so as to guard against the injurious 
effects of an over-dose. Even a moderate acquaintance 
with the principles ,of Botanical Science will always 
afford the means of cietecting such mstances of egre¬ 
gious, and often perilous imposition, and of readily dis¬ 
criminating, in almost every case, between innocent 
and poisonous plants. 

Systematic writers commonly divide the Science of 
Botany into three departments, viz: 

I. Organooraphy, or Structural Botany; for- 

0 

merly styled Vegetable Anatomy; being the branch 
which comprehends a knowledge of the structure of 
Plants; including all that relates to the Elementary 
Tissues of which vegetables are universally composed, 
as well as the form and appearance of the various 
Organs produced by their combination. • 

II. Vegetable Physiology, or Physiological 
Botany; which is devoted to the exposition of the 

• vital actions or functions of the several organs of 
Plants, either separately or in combination. 

A2 
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III. Systematic Botany ; which may' be con¬ 
sidered to iliclude all that relates to the study of 
plants as individuals, enabling us to distinguish, 
describe, and arrange them. This department, which 
was formerly supposed to embrace the whole sci¬ 
ence, comprises three subordinate divisions, viz: 1. 
Taxonomy, or Hhe Principles of Classification, being 
^application of our knowledge to the systematic 
arrangement of plants; 2. Phytography, or an expo¬ 
sition 0 ^ the rules to be observed in describing and 
naming them; and 3. Glossology, which is devoted to 
the technical language used in the description of plants 
or their organs. 

The study of the relations existing between veget.i- 
bles and the Useful Arts, is sometimes viewed as con¬ 
stituting a fourth department of the Science, composed 
of several branches, such as Agricultural Botany, 
Medical Botany, Economical Botany, ^c.; but these 
subjects are more justly considered as the connecting 
links between Botany and Agriculture, Medicine and 
other Useful Arts, than as distinct branches of our 
Science. The same may be said of what is termed 
Geographical Botany, which attempts the investigation 
of the circumstances regulating the distribution of vege¬ 
tables over the ear'h’s surface ; a subject of great in¬ 
terest to the philosophical enquirer, but which, although 
intimately connected with Botany, is generally regarded 
as falling within the province pf Physical Geographyt 

The arrangement here specified is for the most part 
adoptbd in the presaiit work, except that it has generally 
been deemed advisable to treat of the functions per¬ 
formed by the several organs, while considering their 
modifications of form and structure. After having 
briefly noticed the simple or elementary tissues, which 
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by their various combinations produce all th^diversities , 
of vegetable structure, we proceed to the consideration 
of the organs essential to the growth and complete 
developement of all Flowering plarrts, which on account 
of their office are gcHcrally termed the Organs of 
Nutrition or Vegetjtion. To this succeeds the highly 
interesting and important subject cff Vegetable diges¬ 
tion and respiration, which leads us to notice the naau-« 
ral history of the elaborated juices, suth as those which 
give rise to gum, sugar, starch, and other nourigJ;iing 
products, as well as the almost infinije variety of secre¬ 
tions and excretions. A wide field is here opened of 
interesting consideration and of great practical import¬ 
ance, which, however, in an elementary treatise like 
the present, can only te indicated in the most general 
manner. A cursory account of the special directions 
which the diflerent organs assume, and the sensible 
movements they sometimes execute, closes this part of 
our subject. 

In treating of the Flower and Fruit, it lias been 
deemed advisable ta consider them at the same time 
both with reference to their structure and physiology. 
We have also taken an early opportunity of directing 
the attention of the student to the views now entertained 
relative to the nature of the Floral Organs. The doc¬ 
trine of Vegetable Metamorphosis, it should be re¬ 
marked, was first suggested by Linneeus, but wa^ so 
obscurely announced • that it failed to attract the 
notice of any succeeding Botanist, until revived and 
admirably elucidated by the poet Ooethe. This sub-, 
ject, indeed, is to Botany what the Tjieory of the 
atomic constitution of bodies is to Chemistry; its 
principles, as triumphantly established by Du Petit- 
Thouars, Brown, «nd De Candolle, having given a new 
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. aspect to the Science, and rendered it, perhaps, the most 
logical of all the departments of Natural History. 

Cryptogamous or Flowerless plants differ so essen¬ 
tially from all Vegetables of higher organization, that 
a chapter is devoted to their Separate consideration, 
embodying all that the difficulty of the subject and the 
nature of an efemenlary work seemed to require. This 
■■coHcludes that part of our treatise which pertains to 
Structural and PBysiological Botany. 

Vie next enter upon the consideration of Taxonomy, 
or the Principles af Classification, a subject which can. 
not be pursued with any advantage whatever until the 
requisite knowledge of vegetable structure has been 
attained. We piay here remark that while we would 
render all due acknowledgements to the Artificial 
System of Linnieus, which is certainly as well adapted 
as such a method can be to effect the object proposed 
by its author, we have nevertheless expressed our de¬ 
cided conviction, not only that it is no longer neces¬ 
sary, but that its adoption in any degree wall, in fact, 
be found to retard the progress of the student. Indeed, 
whatever facilities it offifrs are greatly overbalanced 
by the uncertainty which attends its use, and the erro¬ 
neous views with which it so generally impresses the 
young student. It is unnecessary, however, to insist 
upon this point, since, so far as our knowledge extends, 
thciNatural System is now fully adopted by every 
Botanist of high and acknow>le(%ed reputation. 

V{e have introduced a brief sketch of the principles 
.. of Botanical NoAenclature, chiefly with the view of 
early directing the attention of the student to this sub¬ 
ject; since there is in this country a disposition to 
undervalue its importance, and needlessly to violate 
long established rules when nothing whatever is gained 



PREFACE. 


IX 


by the practice. No person should consider this sub¬ 
ject as beneath his attention, and whoever introduces 
new names into the Science is certainly bound to frame 
them in accordanc*e with the •approved usage of 
Botanists. • 

Glossology, or ^hc definition of the technical lan¬ 
guage employed in describing plant?, closes our subject; 
and this wc have greatly abridged by confining it abeo-* 
lutcly to the definition of adjective l?rins; all substan¬ 
tive appellations, and even all adjective names restr^ted 
in their application to particular organs, being explained 
in tlie preceding part of the work. 

We have added in an Appendix some general direc¬ 
tions for collecting and preserving plants for the Her¬ 
barium, which we trust will be founfl useful to the 
young student. It is gratifying to observe the great 
improvement of modern practice in this particular, as 
is especially evinced by the fine and perfect specimens 
prepared by Mr. Oakes, Dr. Short, and several other 
Botanists. An imperfect and badly-dried specimen not 
only fails to exhibit the character of the species, but 
cannot be preserved for anyJength of time; whereas 
good specimens are, with moderate care, imperishable. 
From the w'ant of proper attention in this respect, the 
collections of several of the older Botanists, made with 
great labor and expense, are now nearly valueless. 

The Appendix also contains a list of the ^latnral 
Families, methodically arranged, which will, perhaps, 
be somewhat serviceable to those students who are not 
provided with the W'orka of Lindloy, De Candotle, 
Arnott, &c. A few remarks upon the relative import 
ance of several Families in our Flora*are also sub¬ 
joined. 

The want of proper works embodying the first prin- 
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ciples of the Science, has been the chief obstacle to the 
advancement of Philosophical Botany in this country. 
The most valuable elementary works published in 
Europe are often teo expensive*ever to come into 
use in the United States; and eten when these can be 
obtained, they are found deficient in t^Jat particular adap¬ 
tation to our own ]jflants which is so desirable to the 
\.mcrican student. To apply in some degree the desi¬ 
deratum so long Snd deeply felt in this country by all 
wheware interested in Botanical pursuits, the author 
was requested to superintend the republication of some 
one of the most approved European treatises. It was 
soon found, however, that of the works best adapted to 
our purpose some were much Joo large, others were 
illustrated with* expensive engravings, or contained a 
considerable quantity of matter which did not seem to 
require a place in a mere elementary work. Upon the 
whole, therefore, it appeared that the desired object 
could not be thus accomplished without an unwarrant¬ 
able mutilation of the treatise selected, and the introduc¬ 
tion of a large body of notes. The author was accord¬ 
ingly constrained to alteiwhis plan, and to engage in the 
more formidable task of preparing an original work, 
expressly adapted to the use of the student of North 
American Botany* The execution of this object is by 
no means easy, owing chiefly to the difficulty of com¬ 
bining rfgid perspicuity and philosophical accuracy with 
a popular form and a familiar style. It is hoped, how¬ 
ever, that the object in view will be found to have been 
in some degree aecomplished. 

In the execution of his task, the author has freeljr 
made use of all the most approved works and original 
memoirs upon the subject that were within his reach, 
and has more particularly and constantly consulted the 
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CHAPTER I. 

OP THE ELEMENTAnV ORGANS OF PLANTS. 

1. Notwithstanding the almost infinite diversity 
in the external formSi«*if plants, their internal structure 
is remarkably simple and uniform. If, aided by a pow¬ 
erful microscope, we examine thin transverse slices 
of a stem or branch, we perceive a multitude of cavities, 
of various sizes, either angular or rounded. If we 
examine longitudinal slices of the same stem, we observe 
numerous cavities, closed by cross partitions, others 
without partitions, and bundles of slender threads, which 
run lengthwise through the plant. The closed cavities 
are called cellules or little oclls, the tubes without 
partitions are vessels, and the slender threads are 
fibres. Of these minute parts, variously joined together, 
the stem, the root, the leaves, and all the organs of 
plants are constructed. They are, as tt were, the mate¬ 
rial of the vegetable fabric, and are therefore very 
properly termed the Elementary Organs or Organic 
Elements of Plants. aAll the kinds of elementary 
tissue arc nearly similar in chemical composition; they 
consist essentially of oxygen, hydrogen, and carbon, to 
which a little nitrogen is occasionally ddded. The three . 
farms which the elementary organs assume are, 1st. 
Cellular Tissue, a structure made up*'of little cells 
only; 2d. Woody Tissue or fibre; and 3d. Vascular 
Tissue OT vessels. ^ These several forms we shall briefly 
notice in succession. 
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Sect. I. Of Cellular Tissue. 

2. Cellular Tmsbue, in its ordinary form, consists 
sf masses of little vesicles or bladders, closed on all 
sides and cohering with each other. These little blad¬ 
ders arc called cellules. A piece of honey-comb gives 
a very good idea of this kind of tissue; the walls of the 
culls represent the membrane, and the inclosed spaces 
the cavities, of the cellules. It may be most conve¬ 
niently examined in the pith of plants, wliich wholly 
consists of cellular tissue. A thin slice of the pith of 
Elder, seen through a microscope, has much the appear¬ 
ance of fine honey-comb (fig- !•), and the minute some¬ 
what six-sided cavities thus brought into view are sec¬ 
tions of the cellules. In most (jase*'their walls adhere 
to each other so firmly that it is^tnpossible to senaratc 
them, and the partition between contiguous cellules 
appears to be a simple membrane. Indeed Grew, who 
may be termed the discoverer of cellular tissue, con¬ 
sidered it as a continuous mass pierced in every direc¬ 
tion with innumerable holes. This view was adopted 
by many succeeding writers, and among others by 
Mirbel and De Candolle; but oq further investigation 
both these distinguished botanists became satisfied of 
its incorrectness, and thb theory has no advocate at the 
present day. 

The cellules of pulpyfruits grow together so slightly 
that they may b^. dciaclied from one another by simple 
maceration in water, and thus be examined in a 
separate state. In the pith of all plants, and in the 
pairenchyma or green pulp of many leaves, we may 
bring about the same result.by4)oiling the tissue a short 
time in a weak solution of potash. This proves in 
thd most direct manner that the apparently sinjple 
membrane which separates adjoining cellules is com- 
ppsed of twcimembranes in a state of cohesion. 

3. The size of the cellules varies much in different 
plants, and even in different parts of the same plant; 
in general they are largest in the ^ost lax and rap¬ 
idly-growing parts. The largest cellules are found 



CONTENTS*. 


•chapter I. 

Or THE ELEHENTART OrBANS OF PlAKTS, 
Sect. I. or Cellular Tissue, 

II. Of Woody Tissue, 

III. Of Vascular Tissue, 



CHAPTER II. 


Or THE Organs of Vegetation in Flowering Plants, . 


Sect. I. Of the Cuticle and its Appendages, 
11. Of the Root. V «. 
m. Of the Stem 



1. Of its External Modifications, . 

3. Of its Internal Structure, .... 

3. Of the Growth of Stems, . . . - 

IV. Of Leaf-Buds. 

V. Of Leaves,. 

VL Of Stipules and Tendrils, .... 


16 

18 

26 



CHAPTER III. 

Or Nutrition in Flowering Plants, .103 

Sect. I. Of the powers which plants possess for the perform¬ 
ance of their Functions.104 

II. Of the Pood of Plants ; and of absorption by the 

Roots.108 

III. Of the Ascension of the Sap, . •. . . 113 

IV. Of Digestion, and the Action of Leaves on the 

atmosphere,. 115 

V. Of the Descending or Elaborated Juice; Secre¬ 

tions, &c., .15l 

VL Of the Special Directions and sensible Move¬ 
ments of the Organs of Plants. . . .137 

• 

CHAPTER IV. 

* 

Or THE Organs of Reproouction in FloWER iiltf Plants, 151 
Sect. I. Of the Flower in general. Bracts, &C., . . .151 

II. Of the Nature or Theoretical Structure of the 

Flower^.. 

III. Of the Infiorescence,.169 

B 


OD O 



xiv 


CONTENTS, 


IV;? Of the Floral Envelopes,. 

1>. Of the Calyx. 

2.'.iOT‘the Corolla,. 

V. Of thVd^tneos, or Fertiliaiing System, 

VT. Of the Pistil, or Fructifying System, 

VII. OfFertilization, or the office of the Pollen, . 

VIII. Of the Fruit. 

IX. Of the Seed,. 

CHAPTER V. 

Of FtowERtEss Plants,.; 

1. Equisetacese, or Horse-tails. 

■Z. Filices, or Ferns,. 

3. I^copodiacese, or Club-Mosses,. 

4. Autrsileaceffi,. 

5. Musci, or Mosses,. 

6. HepaticiB, or Liverworts,.. 

7. Characese. 

8. Lichenes, o. the Lichens, 

9. Fungi, or Mushrooms, 

10. Algae, or Sea-weeds.; . ; 


CHAPTER VI. 

Or THE Classification of Plants, .... 

Sect. I. Of the Principles of Classification in general. 
Classes, Orders, Genera, Species, &c. 

II. Of the Artificial System, .... 

III. Of the Natural System, .... 

IV. Of Nomenclature, .....' 

CHAPTER VII. 


Glossoloot. 


APPENDIX. 

1. Directions for collecting and preparing Plants for the 

Herbarium,. 

2. A Catalogue of Natural Orders, . . ; ; . 

ERRATA, .... 
INDEX, .... 








ELEMEP^TS OF BOTANY. 


CHAPTER I. 

OP THE ELEMENTAnV ORGANS OF PLANTS. 

1. Notwithstanding the almost infinite diversity 
in the external formSi«*if plants, their internal structure 
is remarkably simple and uniform. If, aided by a pow¬ 
erful microscope, we examine thin transverse slices 
of a stem or branch, we perceive a multitude of cavities, 
of various sizes, either angular or rounded. If we 
examine longitudinal slices of the same stem, we observe 
numerous cavities, closed by cross partitions, others 
without partitions, and bundles of slender threads, which 
run lengthwise through the plant. The closed cavities 
are called cellules or little oclls, the tubes without 
partitions are vessels, and the slender threads are 
fibres. Of these minute parts, variously joined together, 
the stem, the root, the leaves, and all the organs of 
plants are constructed. They are, as tt were, the mate¬ 
rial of the vegetable fabric, and are therefore very 
properly termed the Elementary Organs or Organic 
Elements of Plants. aAll the kinds of elementary 
tissue arc nearly similar in chemical composition; they 
consist essentially of oxygen, hydrogen, and carbon, to 
which a little nitrogen is occasionally ddded. The three . 
farms which the elementary organs assume are, 1st. 
Cellular Tissue, a structure made up*'of little cells 
only; 2d. Woody Tissue or fibre; and 3d. Vascular 
Tissue OT vessels. ^ These several forms we shall briefly 
notice in succession. 



ELEMENTARY ORGANS. 


Sect. I. Of Cellular Tissue. 

2. Cellular Tmsbue, in its ordinary form, consists 
sf masses of little vesicles or bladders, closed on all 
sides and cohering with each other. These little blad¬ 
ders arc called cellules. A piece of honey-comb gives 
a very good idea of this kind of tissue; the walls of the 
culls represent the membrane, and the inclosed spaces 
the cavities, of the cellules. It may be most conve¬ 
niently examined in the pith of plants, wliich wholly 
consists of cellular tissue. A thin slice of the pith of 
Elder, seen through a microscope, has much the appear¬ 
ance of fine honey-comb (fig- !•), and the minute some¬ 
what six-sided cavities thus brought into view are sec¬ 
tions of the cellules. In most (jase*'their walls adhere 
to each other so firmly that it is^tnpossible to senaratc 
them, and the partition between contiguous cellules 
appears to be a simple membrane. Indeed Grew, who 
may be termed the discoverer of cellular tissue, con¬ 
sidered it as a continuous mass pierced in every direc¬ 
tion with innumerable holes. This view was adopted 
by many succeeding writers, and among others by 
Mirbel and De Candolle; but oq further investigation 
both these distinguished botanists became satisfied of 
its incorrectness, and thb theory has no advocate at the 
present day. 

The cellules of pulpyfruits grow together so slightly 
that they may b^. dciaclied from one another by simple 
maceration in water, and thus be examined in a 
separate state. In the pith of all plants, and in the 
pairenchyma or green pulp of many leaves, we may 
bring about the same result.by4)oiling the tissue a short 
time in a weak solution of potash. This proves in 
thd most direct manner that the apparently sinjple 
membrane which separates adjoining cellules is com- 
ppsed of twcimembranes in a state of cohesion. 
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in aquatic plants and in the Gourd tribe. In the 
gourd itself some of them arc about the 3 ’^ of an inch 
in diameter. Their usual magnitude is the or 
of an inch, but in* many plants»they do not exceed 
half this size. In some JUushrooms, of which the cellules 
arc about the medium size, it has been calculated that 
“a sphere of the ^ze of a large grpurd^ will contain 
forty-seven thousand millions.” 

4. The jjriinitive or normal form of the vesicles «f«. 
cellular tissue is considered to be a«pherc, as they 
always take a globular shape in loose and pulpy 
Fig. 1 . parts where lirey 

do not press on 
. each other, as, 

. for example, in 
li the jiulp of the 
f s^awberry and 
Yv poacli. W^cn 
they arc pressed 
? together equally 
in all directions 
they become twelve-sided, and a cross section exhibits 
a he.xagonal appearance (Jiff. !.)• The pith of all 
])lants exists in this state, and extremely thin slices 
of tlie pith of Elder form an excellent illustration of it. 
On the other hand, if the prtssure or the extending 
Fig. 2 . force be greater in one direction than in 
another, several other forms will be pro¬ 
duced. Thus in parts which lengthen rap¬ 
idly, as ill leafstalks and the young shoots 
of herbaceous plants, the tissue is, as it were, 
drawn out, and the cellules assume tfie shape 
of prisms or icylinders. 

Sometimes these elongated cellules taper 
to a j)oiiit at each end and become spindle- 
shaped (Jiff. 2 .). This form abounds in the» 
stems of trees and shrubs. It^^ikes the place 
of rounded cellular tissue in the wood and 
bark, and the slender cellules lie in the same 
direction as the woody fibres ( 8 ). 
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elementary organs. 


Fig. 3. 




_ The medullary rays (36) are com- 

posed of cellu^ir tissue, compressed 
aiEfjszr^ lifterally into thin plates; the cellules 
are elongated horizontally, and over- 



lie each other, like bricks in a wall 
fig'. 3.), whence this form receives 
BiSe- the name of murifoV'in cellular tissue. 

^ It is peculiar, as we shall hereafter 
see, to the trees ?trid shrubs of one of the great divisions 
orjslasses of Fowering plants (14). When the cellules 
fit'together by plane faces, as in fgs. 1 and 3, the 
tissue is sometimes called parenchyma ; and Link pro¬ 
poses the term proscnchyvia for tho.se forms in which the 
cellules taper to each end, and overlap each other. The 
latter term, hovyever, is seldom ^imoycd, and the for¬ 
mer is frequeiTtly applied indiscriminately to all the 
kiiiRls of cellular tissue, and especially to those whiclt 
are pulpy or succulent. 

5. Such are a few of the most commonly occurring 
lorms of cellular tissue, in its ordinary state ; that is, 
when it consists of membrane only. In some remark¬ 
able cases, however, this ti.ssue is found to be com]>oscd 
either wholly of libre, or of membrane and fibre com¬ 
bined, constituting thos^ singular modifications which 
receive the names o(fihrov.t 'And fibro-membranous cel¬ 
lular tissue. The fibro-mernbranous kind is comn)on 
cellular tissue, with a spiral fibre generated in the inside 
of each cellule. .It is found in the leaves of Peat-mos.s. 
{Sphagnum), and the pith of Rubus odoratns. In some 


Fig. 4. 


cases there is a single spi¬ 
ral fibre ; in others there 
•ard two, coiled in opposite 
directions, forming a kind 
of net-work {Pig. 4). 
These varieties seem to 
approach the nature of 
spiral vessels, (a form of 
vascular tissue soon to be described,) but 
they may be distinguisked, according to 
Lindley, who has studied these tissues with 
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great acuteness, by their roundish shape, and by the 
coils of the spires being at a distance from each other, 
incapable of unrolling, inelastic, and possessing very 
little strength. This curious variety is also found in 
the skin of many winged seeds. Its particular use is 
unknown. 

Fibrous cellular tissue is formed .of ftbres twisted 
spirally or otherwise, without any membrane. It ex¬ 
ists in the lining of anthers (127), where it was first' 
noticed by Mirbel, and quite recently It was again de¬ 
tected and very carefully studied by Dr. Purkinje.* 
Professor Lindlcy discovered the same kind of tissue 
.upon the surfiice of the seeds of Collomia linearisf of 
Nuttall, a native of the regions west of the Mis¬ 
sissippi ; recently introduced into gardens. The 
skin of the seed <s furnished with an infinite num¬ 
ber of minute threadsf coiled up in spire®, and confined 
by the hardened mucus which envelops the seed. Wit 
bo thrown into water, the mucilage is dissolved, and 
the threads dart forward into the fluid like so many 
spiral springs suddenly liberated by the removal of a 
weight which confined them. At first they were mis¬ 
taken for spiral vessels, which indeed they very much 
resemble. 

G. The vesicles of cellular tissue are destitute of vi 
sible pores; the appearance of holes and slits which 
Mirbel noticed, is known to have been an optical de¬ 
ception, caused by minute grains sticking to the sides 
of the cells. . 

The walls of the cellules are transparent and color¬ 
less, or nearly so; and the colors of leaves, flowers, 
&.C., is owing entirely to the matters contained with¬ 
in. The principal coloring matter in all vegetables, U 
a substance consisting of very minute grains, which fills 


♦ De celltdu anlKerarum fibrosis, &c. Breslau, 1830. See also 
Mirbel on the structure of the anther and pollen, iit% paper annexed 
to his memoir upon Marchantia polymorphs, in which some fine 
figures illustrative of this tissue are given. For a more detailed ac¬ 
count of these kinds of cellular tissue, see Lindley’s Introduction to 
Botany, p. 10. • 

t Lindley, in Botanical Register, 1166, and Introduction to ths Na¬ 
tural System of Botany, p. 217 of the American edition. 

1 * 
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the cellules or adheres to their walls. It is colorless 
when excluded from the light, but when exposed to its 
action it becomes green, and give? to leaves and young 
stems their peculiifr hue ; and, undergoing certain 
chemical changes, it produces rtie various shades of red, 
yellow, and brown, which leaves present in autumn. 

The colors'of fiowers arc probably owing to other 
modifications of the same substance. In allusion to 
' Its obvious office in the vegetable economy, Dc Can¬ 
dolle distinguishes it by the name of chromiile* * * § Du- 
ttophett advanced the idea that this substance is in 
plants analogous to the nervous system in animals; 
he accordingly gives it the name of medullc. Turpinj 
calls it glohulinc, and supposes it the substance from 
which new cellules originate. Of the same nature is 
the green mattcf contained in the.cellules of Marchantia 
polymorpha, oi“Brook-livcrwort, recently described by 
Milbel in his admirable memoir upon the structure and 
development of that plant. By the aid of very jiowcr- 
ful glasses, these grains arc seen to be little closed bags, 
which Mirbel calls spheriolcs, filled with a peculiar 
greenish matter. 

Nearly all vegetable products or secretions (80, 82), 
such as starch, sugar, and milky juice, are found 
within the cellules. 

7. In some cases cellules develop with very great ra¬ 
pidity. Many young stems increase in length at the 
rate of from one to three or four inches in a day. 
Some of the Mushroom family have been known to 
grow from a mere point to the size of a large gourd in 
a single night; in which case, if its cellules are of the 
medium size, they must have been produced at the rate 
of about 4,000,000,000 per houf.^ 

"^hat cellules have the power of producing other cel¬ 
lules, has been conjectured by several vegetable physi¬ 
ologists, but quite recently Mirbel has clearly proved 


* Prom color, 

t Mem. du Museum, 7. p. 389. 

i Mem. du Museum, 18. p. 218. c 

§ Lmdley, Intrsiduetion to Botany, p. 7, 
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this to be the case, and has ascertained the way in which 
the cellules of Marchanlia arc formed, in a manner that 
leaves little to bo Icairned respecting that plant. His 
observations arc contained in two highly interesting pa¬ 
pers, communicated to tlA French Academy of Sciences, 
in the years 1831 ayd 1833.* 

The seeds, or, as they are more preperly called, 
spores of Marchantia, arc minute and simple vesicles, 
filled with yellow globules. When the)^are placed uporT* 
moistened ]>lates of glass, or in fine sand in a warm and 
damp atniosphcrc, they increase in four days to ab/^t 
threetimes their original size, and the } cllow matter with¬ 
in them becomes grecn- 
I^‘S-5- ish. About this timea pro- 

^ jeeting point appears upon 

each vesiglc (Jip'- 5. a.), 
which soofi elongates into 
a slender tube. This tffbc 
swells out at its extre¬ 
mity, and becomes a se¬ 
cond cellule similar to the 
original one. The new¬ 
ly-formed cellule emits a 
similar tube, which grows 
iiUo a new cellule with its 
tube, &c. The young 
jdant at first appears like a knotted cord ; next it 
l)ecoraes a shapeless mass of green matter, and finally 
the cellules arrange themselves symmetrically, the 
mass by degrees becoming leaf-like, and assuming the 
appearance of the full-grown plant. Fig. 5. from Mir- 
bel, is intended to represent the earlier stages of this 
growth by the production’of new cellules. It is pro¬ 
bable that all vegetables composed wholly of celltjlar 
tissue, grow in a similar manner. • 

Cellular tissue abounds in all plants. The Sea-weeds, 
the Lichens, Mushrooms, Mosses, &c.f*are entirely 



* Rtcherekes tmafomiqtui et phyaiologiquet sur It Marchantia poly- 
morpha, pour tmir a Fhiitoirtiu Tiiiu ceffuiotre. 




8 


elementary oroans. 


formed of it, and are therefore called cellular plants. 
Pith is wholly composed of this tissue; it is found 
in the root, tlie bark, and the lef»v«es of all vegetables; 
and it is abundant in all fruits, especially in those that 
are pulp-like. It is the earliest-formed tissue in grow¬ 
ing parts, and it makes up by far tjic greatest portion 
of all young plant*. 

C'ellular tissue absorbs fluids very readily, which 
*ltr)w from one cellule to another; consequently 
their walls are permeable to fluid, although they have 
np-visible pores. The sap and other juices of the plant 
arc circulated principally by means of cellular tissue; 
but this subject will be noticed in another place. 

Sect. II. Of Woody Tissue. 

8. Woody Tissue consists of very slender, tough, 
and- transparent tubes, which taper to a sharp point at 
each end. These little tubes lie in bundles, or arc, as 
it were, spliced together so as to form long fibres, which 
rim lengtinvise through the plant. The fibres of hemp 
and flax, which are made into cordage or cloth, are 
very good examples of woody tissue. If we examine 
the lincst filament of flax with the aid of a powerful 
microscope, we shall pprccivc that it is not a simple 
fibre, but is made up of numerous fibres of diflerent 
lengths, very closely joined together and overlapping 
each other by their extremely slender extremities. By 
continued macera,tion in water, or, which is much better, 
in w'ater containing a little nitric acid, their cohesion is 
destroyed, so that by delicate manipulation, the simple 
fibnes may be obtained in a separate state. In hemp 
their diameter is about six times smaller than a human 
hair; but in many woody plants they are somewhat 
larger. It is very diflicult to ascertain by direct obser¬ 
vation that these minute fibres arc hollow, yet it is 
thought to fas', proved, not only by examination with 
a high magnifying power, but by the occasional detec¬ 
tion of panicles of greenish matter within the tube. 
Woody tissue is considered by seve'r’al vegetable ana¬ 
tomists as a modification of cellular tissue. It differs. 
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however, from any known form of elongated cellular 
tissue by the more slender, stronger, and much more 
elastic fibres. Elongated cellular tissue is composed 
of blunt cylinders placed end to*end: the fibres of 
woody tissue are sharp <it each end, and overlap each 
other. This difl'erence will be appreciated at once by 
comparing, under a high magnifying power, the fibre 
of cotton, which is cellular tissue, with that of hemp or 
tla.v. Woody fibre makes up a large portion of th? 
bulk of shrubs and trees; but it also exists in the stems 
of herbs, giving them toughness and strength. It like¬ 
wise abounds in the bark, and in the frame-work of 
the leaves. 

'JMie office of this tis.suc is not only to give strength 
to the vegetable fabric, for which purpose its structure 
is admirably adai)ted,^but also to assist,in the convey¬ 
ance of the saj) from the root to the leaves. Whether 
fluids pass through the hollow fibres, or between thcfln, 
it is iiii])ossible to ascertain by direct proof 

The uses of woody fibre in the arts, as in the manu¬ 
facture of linen, paper, cordage, &c., are familiar to 
every one.* 


* Tile wood of llie Pine, and of all the Conifcrai or Fir irihr, 
invseuts a remai kahle poculiai'ily w'liich has of late .altracled eoii- 
stderalile nolicc. The fihre.s, wliitdi are much larger tliaii tho.'.e 
oCmo.st woody jilauls of oilier familio.s, are conspicuously inai kcd 
wilh niiinemiis dots of an unifonn size and appearance. They 
have been desci'ilied as pores, hnl they seem ralhcr to be globules, 
(.somelimcs transparent and soinelimc.s parliaMy or entirely tilled 
with opaijne maltcr,) siluated willnu the snbslance of the walls of 
the tube. Whatever may be the nature of these dots, they arc only 
seen in Conifera- and in Cycadre, a nearly related famity whicly's 
confined to trojiieal regions , .thus liirnishing ns with themeansof 
distinguishing the wood ol' these plants from all other. By taking 
tidvaulage of this circumstance, Me.ssrs. Witliam and Nicol have 
made the interesting discovery that all Exogenous fossil w-oods fso 
far a.s is at present known) belong either to tlie Fir tribe or to Cy- 
eajai ■, from which it follows, that these families formed a much 
more conspicuous feature of the original, than of present, veg¬ 
etation of the globe. This adds another to the many in.stances in 
which the careful study of minute structure has led to the discovery 
of important truths, "ijlie manner in which these gentlemen oper¬ 
ated upon fossil woods is very simple. Sections of the stem to be 
examined are attached to plates of glass by a transparent cement 



10 


ELEMENTARY ORGANS. 


Sect. III. Of Vascular Tissue. 



9. The vascular tissue of plants consists of slender, 
unbranched, cylindrical tubes, whose calibre is not in¬ 
terrupted by transverse partitions. The vegetables 
which have this tissue in their composition, arc called 
VASCULAR n.ANTs, 'JtJiern arc two principal kinds of 
vascular tissue, viz.; .spiral ic.s.st/.s and ducts. 

10. Si'iRAi. VKSSKLS (/g-. 6. 7.), ov trachea', ii» they 
were originally called, may be assumed as the repre¬ 
sentatives of vtiseular tissue in ])lants. They were 
discovered by Ilenshaw, in the y<'ar IGGl, If we 
carefully break young stems of the Rose, Goose¬ 
berry, or Currant, or tear off the leaflets of the Straw¬ 
berry, we shall bring these vessels into view in great 
numbers. To the naked eye they ai)pcar like fine sil- 


and ground down lo the tliinncst possible plates, when they trans- 
Tuit light so readily that their .struelnre maybe ascertained by the 
microscope in the ordinary way. It is very desirable that the sub¬ 
stance called mineral charcoal\\ h'\eh is occasionally met with in 
our anthracite mines, should be submitted to this examination. 
Mr. Witham published the results of his investigations in a separ¬ 
ate work, illustrated with many fine plates. 
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very threads, not larger than those of a spider’s web. 
They seem to possess great elasticity, as they are ca¬ 
pable of being extended very considerably without 
breaking, and, when the extending Ibrce is withdrawn, 
they return nearly to th<*ir former dimensions. If we 
examine them by the aid of a microscoi)e, wc ob¬ 
serve that the threads are coiled spirally, like a wire 
spring; in their natural situation, the coils are in con¬ 
tact, so as to form a tube, but they unroll elastically 
whenever they are extricated from the adjoining tissue. 

The nature of these vessels has been, for a long time, 
a contested point in vegetable anatomy. The delicate 
fibre which forms the spires, has, by some observers, 
been thought to be Hat, or thickened at the edges; 
others have described it as grooved on the inside. The 
most recent observations, viz., those of professor Lind- 
ley, render it almost certain that the fibre is round ; but 
whether it be tubuhar, as is represented by Mirbel,^r 
solid, as many believe, has not been determined; and 
Amici, who has examined it w'ith the most powerful 
glasses, declares that the question cannot be decided by 
the means in our ])ossessiori. Many vegetable anato¬ 
mists consider spiral vessels to consist exclusively of 
elastic fibre twisted into the form of a cylinder, and 
this appears to be the o])inion ^f Wirbel and De Can¬ 
dolle. Dutrochet thinks that the edges of the coils are 
united by a delicate and transparent membrane, which 
is torn whenever the, vessel unrolls. Others have sup¬ 
posed that the thread is coiled on Uie outside of a 
straight, membranous cylinder ; and, finally, Bernhardi 
contends that the fibre is coiled within a memlwanous 
tube, which, by its elasticity, it serves to keep op«i. 
The last-mentioned view is" the one adopted by Bind¬ 
ley,* and is best sustained, both by observation and 
analogy, although the existence of the membrane out¬ 
side the spires can seldom be directly proved. 

'Spiral vessels are most frequently formed by the coil¬ 
ing of a single fibre, as in jig. 6, when they are said 


* Introduction to Botany, p, 18. 
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to be simple; but in many plants of the Endogenous 
structure (33) they are compound, or made by the union 
of several fibres, as in jig. 7. 

Their diameter' varies from the to less than 
the of an inch. In plants of Exogenous growth 
(33) they are placed immediately around the pith of the 
stem and braiaches, whence they extend into the leaves 
and all parts that are modifications of leaves. The 
veins, or fibrous net-work of leaves, consist of spiral 
vessels, protected on every side by woody fibre. 

„.The spiral vessels do not occupy the central part of 
the trunk in Endogenous plants, but are ])laced in the 
midst of each bundle of woody fibres, and from these 
bundles they pass into the veins of the leaves. 'I’hey 
are altogether wanting in Flowcrless plants (14), ex¬ 
cept in Ferns,and the Club-moss 'iribe; two families 
which occupy a middle space between Flowering and 
Fjowerless plants. 

Spiral vessels do not convey fluid, as was once sup¬ 
posed, but arc filled with air in the living plant, and 
seem to be intended for its conveyance ibrongli the 
central parts of plants. I’hey appear to be con¬ 
nected in some unexplained way with the produc¬ 
tion of flowers, for plants which have no s]>iral vessels 
never bear flowers. , 

11. Ducts (figs. 8,9, 10.) are membranous tubes, 
whose sides are marked, often in an evident spiral man¬ 
ner, with rings or transverse lines. They are thouffht 
to be mere modifications of the spiral vessel, frotn 
which they are to be distinguished chiefly by their want 
of elasticity and the power of unrolling. They abound, 
however, in situations where true spiral vessels are 
never seen, and arc probably' subservient to diflerent 
purposes. 

The various kinds of ducts may be reduced to three 
principal forms, viz.; the annular, the reticulated, and 
the dotted. 

Annular ducts (jig. 8.) are membranous tubes, kept 
open by a series of fibrous rings; or we may view 
them as spiral vessels with the thread broken at every 
coil into separate rings. Sometimes the rings are 
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placed at a considerable distance from each other, and 
again they are in contact, in which case the external 
appearance of the duct is the same as that of a spiral 
vessel. Both these varieties abound in the roots of 
most herbaceous plants, #nd in the stems of Ferns, 


Fig. 9. 



Fig. 10. 



In reticulated ducts (jig. 9.) the-, 
rings are broken intc* several pieces, 
which sometimes grow together irre¬ 
gularly, and form a kind of nct-woik 
upon the walls of the vessel. The 
membranous and transparent spaces 
between the ba., '.s have been mis¬ 
taken for holes and slits in the tube. 
V'^essels of this kind i^e quite com¬ 
mon in the stems both of herbaceous 
and woody plants. 


Dotted ducts (jig. 1 0.) are so called from having 
their walls marked with rows of dots, which appear to 
be adhering grains of green matter. They are larger 
than any other kind of vessels, and when young they 
have transverse partitions, at which they readily 
separate. They are, therefore, very properly con¬ 
sidered to be a modification of cellular tissue, and 


to be made up of a series of short cylindrical cells, 
placed end to end, so as to form slender columns 
extending the whole length of many stgms. The lines 
on the outside, produced by the junction of the cellules, 
give the column something of the appearance mf the 
spiral vessel; and on this account it has been referr*d 
to vascular tissue. Dotted ducts are found in the wood 


exclusively; their open mouths are very evident to 
the naked eye in transverse slices of the Oak or Vide, 
giving them a porous appearance. 

•I'hc peculiar office of ducts is not very»well under¬ 
stood. In young stems, and at particular seasons, they 
are filled with fluid ; at other times they seem to 
contain nothing but air. 

12. Several vegetable anatomists maintain that ves- 
2 
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sels and woody fibre are not simple elementary tissue, 
but only modifications of cellular structure. Mirbel* 
advanced this view many years ago, and has lately sus¬ 
tained it, and adduced many curious facts in its favor, 
in his memoir upon the structure of Marchantia poly- 
morpha. In this plant, which is well known to consist 
wholly of cellular tissue, he has s6en roundish cellules 
change into long and slender tubes, and has observed 
.he transformation of these tubes into what he supposes 
to be true spiral vessels. These extraordinary modifi¬ 
cations will perhaps be considered as forms of fibrous 
c'ellular tissue (5), but whatever view may finally be 
adopted respecting them, it will alwa 3 -s be neccssarj' 
practically to distinguish the three kinds of tissue here 
described. Those who are desirous of examinitig this 
subject more fully, should consult ihe interesting me¬ 
moir of Mirbol, to which we have several times had 
occasion to refer. 

13. The rounded cellules and cylindrical tubes of 
which the vegetable structure consists, cannot be 
applied to each other in masses so as to fit exactly ; 
little spaces being necessarily left between their sides, 
called intercellular passages. They are usually trian¬ 
gular, but their form depends u])on the number of 
cellules which enter jnto their com])osition. They 
arc alw'ays filled with fluid in the living plant, and 
are supposed to assist in its transmission from one 
place to another. 

It sometimes,happens that the peculiar secretions or 
products of a plant are deposited in the intercellular 
passages, and pressing upon the neighboring cellules, 
they form cavities of very considerable size, which are 
termed receptacles of proper juice. Of this nature are 
the turpentine-cells in the bark of the Pine and Fir. 

'The transparent dots in the leaves of the Orange and 
Myrtle are caused by the presence of little globular 
receptacles wf this kind, which are sometimes called 


* Trailf. d'^nalomie etde Physioloi^ie VC^HfUes, 1S02 ; a’ld tllcmena 
de Physiolo^ie Vegetate et de PotaniquCf 1815, 
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vesicular glands. Fig. 11. (from Litidley) is a magni¬ 
fied view of one of these glands, or rather receptacles 
of aromatic oil, in the rind of a lemon. They are seve¬ 
ral times larger than those observecJ in the leaves. 

Similar receptacles e^^st in the form of oblong bags 
in the fruit of Umbelliferous plants. It is upon the 
oily matter which <hese receptacles contain, that the 
peculiar flavor of caraway and coriander seeds depends. 

Fig. 11. Fig. 1-2., 



In many plants there are cavities built up of 
cellular tissue in a similar manner, but which never 
contain fluid. Such are air-cells. They abound 
in the stems of water-plants, in which they are 
constructed with a wonderful degree of uniformity 
in each species. Sections of tTie stems or leaf-stalks 
of the I’ond-weeds and the Arums, exhibit them 
very beautifully ifig- 12.). They are obviously des¬ 
tined to render the plant buoyant in water. The hol¬ 
low stems of grasses, rushe“, and Umbelliferous plants 
are caused by the rapid growth of the stem itself which 
increases faster than the tissue of the pith can be pro¬ 
duced ; and the latter fis consequently distended, and 
torn into irregular cavities. 
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CHAPTER II. 

OF THE ORGANS OF VEGETATION IN FLOWERING 
PLANTS. 

14. The tfiree kinds of tissue described in the pre- 
.t, 7 eding chapter, viz.; the cellular, the woody, and the 
vascular, are the only elements which enter into the 
com[)osition of plants. These simple tissues, variously 
combined, make up the whole vegetable body, with all 
its varieties of external form and internal structure. 
But they arc not all essential to the existence of every 
form of vegetation. We have already had occasion to 
remark that the lower orders of plants are composed 
of cellular tissue alone ; this tissue, consequently, is the 
orjy clement which is absolutely essential to vegetable 
life. The woody and vascular tissues are, however, 
quite as indispensable in the more complex organiza¬ 
tion of perfect plants; since, destitute of woody fibre, 
they cannot grow to any considerable height; and 
without vascular tissue, are incapable of producing 
flowers or seeds. 

If we contemplate vegetables as a whole, looking at 
their elementary structure only, we obtain a division 
into two grand classes : 

1st. Plants into whose organization the three kinds 
of elementary tissue enter, and which, being especially 
characterized by the presence of spiral vessels, are 
called gASCuLAR plants. 

^d. Those which are essentially composed of cellu- 
lar tissue only, receive the name of cellular plants. 

But it has also been observed, that the presence of the 
mo&t perfect forpi of vascular tissue, that is, of spiral 
vessels, is, in some way, intimately connected with 
the pro.luctioa of flowers; so that plants in which 
these exist, may be expected to bear flowers and seeds, 
which are in no instance produced in their true form 
by Cellular plants. These two grand divisions may 
thus be equally distinguished by the presence or 
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absence of flowers and seeds, and their leading charac¬ 
ters may be defined as follows ; 


Class I.— vascular, or flowering plants. 

Plants furnished ivtth spiral vessels, capahle of hear¬ 
ing flowers, and reproduced hy seeds. 


Class II.— cellular, or flowerless plants. 

Plants destitute of spiral vessels, and incapable of 
producing true flowers or seeds. 

• 

It is important that this primary division be kept in 
view, and frequent reference will be made to it as v»e 
proceed.* 

The elementary organs, by their combination, pro¬ 
duce the root, stem, leaves, flowers, fruit, &c., or, as they 
are collectively termed, the External or Compound Or¬ 
gans of plants. 

These organs are generally distinct from one another 
in Flowering plants, and each performs its separate 
olfice; they are, moreover, forirftd upon the same ge¬ 
neral plan in all of them. In Flowerless plants, on the 
contrar}', the root, stem, and leaves are frequently more 
or less confounded with one another, and each family 
seems to be formed upon a j)lan peculiar to itself; so 
that it becomes necessary to treat of the structure of 
these plants in a sc])arate chapter. , 


♦ In strict accuracy it should here be mentioned, that there *rc 
two groups intermediate between Vascular or Flowering, and Cellu¬ 
lar or Flowcrlcss plants, viz.: the Ferri.s, and the Lycopodiacese or 
Clftb-moss tribe, w'hich have nearly the same structuil^s some Flow¬ 
ering plants; that is, they abound in annular ducts, and some of 
them have a few spiral vessels, yet they never bear flowers or seeds. 
Thus these plants connect the two classes with each other. 

* 2* 
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There are two kinds of compound organs in Flower¬ 
ing plants. Some are essentia] to the life and growth 
of the vegetable; these are called the Organs of Vegeta¬ 
tion or Nutrition. 'Of another sort are those which do 
not contribute directly to the growth of the vegetable, 
but are subservient to the continuance of the species ; 
these are termed Reproductive Organs. To the first 
division belong the root, the stem, and the leaves ; to 
•<die second, the flower and fruit. In the present chap¬ 
ter we are to consider solely the organs of vegetation. 

Inasmuch as these organs are essential to the com¬ 
plete development of the individual, and consequently 
exi.st in some form in all Vascular plants, and, as 
will hereafter appear, the reproductive organs being 
merely modifications of the stem and leaves, the for¬ 
mer are very properly called by De •Candolle the Fun¬ 
damental organs of plants. 

% 

Sect. I. Of the Cuticle and its Appendages. 

Fig. 13. 


2 



-1.5, The whole surface of a plant, except the stigma 
(136) and the growing extremities of the roots, is co¬ 
vered with a thin and transparent iiieinbrane, which, 
frdm its resemblance to the scarf-skin of animals, is 
called the cuticle. To the unassisted eye it appears to 
be a simple £lm, but with the aid of powerful glasses 
it is seen to be traversed by fine lines, which are usually 
interlaced so as to form a delicate net-work {fig. 13, a.). 
The meshes are, perhaps, most comirnonly six-sided, as in 
fig- 13, h, which is a highly magnilied view of a piece 
of cuticle ; they are often four-sided, and not unfre- 
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quently their outline is so irregular that they can be 
referred to no symmetrical form. 

There are two opinions concerning the nature of the 
cuticle. Some authors, among whom are Reiser, 
Amici, and Brongniart, consider it a peculiar membrane, 
quite distinct from any other kind of yegetable tissue; 
others are iriclined^o consider it as an external layer 
of cellular tissue, hardened by the profonged action 
of light and air; and of this opinion are Mirbel, Linkr 
and Lindley. The meshes of the cuticle arc thought, 
by those who sustain the former opinion, to be a net¬ 
work of veins or nourishing vessels; but by the others 
tliey arc inferred to be the united sides of the vesi¬ 
cles of which tlic membrane is composed. It is un¬ 
necessary for our present purpose to state the argu¬ 
ments by which Uiese opposing views are sustained; 
the more so, as the structure of the cutidje is now pretty 
well understood, whatever difference of opinion may 
exist respecting its origin. That it is not a simple 
membrane may be proved in the most satisfactory 
manner, by the examination of thin transverse slices 
under the most powerful glasses. It is found to be 
made up of a vast number of little vesicles, so arranged 
as to form or;c or several layers. In most plants of 
this climate, the cuticle consists of a single layer of cel¬ 
lules ; but in succulent and oflier plants growing na¬ 
turally in arid situations, it is found with two, three, 
and sometimes a greater number of layers. 

Although it is quite certain that the cuticle is a form of 
cellular tissue, yet it by no means follows that it is mere¬ 
ly the external layer of the cellular tissue of thfi bark. 
This seems to be the case in certain Flowcrless plants 
only, but in plants of a higher organization, the cells of 
the cuticle arc often of a very different form from those 
of the tissue beneath. In Flowering plants, at least, Ihe 
cuticle must be considered, not as an anomalous tissue, 
imr, on the other hand, as an accidental wvering; but 
as a peculiar organ, composed of cellular tissue, the 
cellules of which are flattened and very firmly joined 
together. • 

The cuticle is obviously intended for the protection 
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of the more delicate tissues it encloses, and to restrain 
the evaporation. To enable it to perform these 
offices, its stiucture varies with the influences to which 
the plant is exposed. Thus, in the leaves of plants 
which grow in damp and sha^y places, the cuticle is 
thin and soft, and the cva])oralion consequently copious; 
whereas i i those plants which areexposed to the ex¬ 
tremes of heafand dryness, it is thick and firm so as to 
jfstraincvaporalion ill a considerable degree ; while the 
nearly impermeable cuticle of succulent vegetables 
prevents it almost wholly, and thus etfectually induces 
their peculiar condition. The leaves of submerged 
aquatic plants, from which evaporation cannot take 
place, have no cuticle. 

The cuticle adheres more or less firmly to the sub¬ 
jacent tissue in different plants; in Uiick and leathery 
leaves it can w'Ah difficulty be defciched ; but in those 
of, herbaceous* texture, and especially in succulent 
plants, it may be raised w'ith the greatest case. Scdiim 
Telcphium (the Livc-for-cver of gardens) and the 
House-Leek (Sempervivvm tcctorum) are good subjects 
for its examination. Some recent observations of 
Brongniart and Prof. Menslow render it jirobable 
that there is stretched over the true skin, and closely 
adhering to it, a very thin and transfiarent pellicle, 
which exhibits no trace bf organized structure. Its use 
is unknown, and its existence i.s, doubtless, confined to 
Flowering plants. 

10. The cuticle is commonly furnished with a great 
number of n.inutfe oval holes, which have received tlie 
name of stomata {fg. 13.). Bindley calls them also 
brgathing-porcs, which is a very appropriate term. 
The cuticle of a leaf exhibit^ tl»em best, and here they 
are always placed over some jiart of the green pulp, 
antknot upon the veins. They arc situated directly 
over a little cavity with which several intercellular 
passages (13),,Qommunicate; so that when the breathinifc 
pore opens, the air has free access to the parenchyma 
or pulpy part of the leaf A breathing-pore is not a sim¬ 
ple hole in the cuticle, but it has a peculiar apparatus 
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at its orifice, “constructed,” as Prof. Lindley observes, 
“ of two little oblong bladders placed parallel with each 
other, and having the power of contraction or expan¬ 
sion as circoinstaiices may require. ‘When at rest, they 
are jierl'ectly parallel, an4 by pressing their sides togeth¬ 
er, close up the opening; when in action, they curve 
away from each other in the middle, ar^d thus leave 
the passage open.” Fig. 13, h, (also borrowed from 
Lindley,) sufficiently explains this contrivance foi 
opening and sliutting the breathing-phres. It repre¬ 
sents two stomata, one of which is closed {fig. 13, b. 
1.) and the other open. This curious border, which 
controls the breathing-pore, is very hygrometi ic, con¬ 
tracting by moisture so as to shut the orifice, and 
spreading again in sunshine or dry air. The form of 
the breathing-pore* depends upon the number of the 
vesicles which compiKe its border. There are usually 
only two, and the stoma is oval. Sometimes there aiie 
four, in which case it is round or square. 

Stomata exist, with a few exceptions, in the leaves 
and other green parts of all Flowering plants, but 
not in roots or underground stems. In aquatic plants, 
they are never found in those portions that are 
habitually under water. They are most abundant in 
the cuticle of leaves and of young and growing stems, 
but they have also been detected in all the parts of 
the flower. 

In some cases, breathing-pores are equally numerous 
on both surfaces of a leaf; they are rarely confined to 
the upper surface, as in the grasses, and the floating 
leaves of the Water-lily; but they are usually* most 
abundant on the lower surface of leaves. • 

In succulent plants, gticb as the Prickly-pear and 
Ice-plant, the breathing-pores are nearly all closed up. 
It is to this cause and to their thick iwid firm cutiefe, 
restraining evaporation so that they are unable to get 
rid of the superfluous water they take in by*their roots, 
that their succulence is principally due. Stomata do 
not exist in true parasitic plants, such as the Dod¬ 
der, Orobanche, &c!^ which never become green. It is 
stated, also, in most elementary books, that they are 



ORGANS OF VEGETATION. 


found in no Flowerless plants, cxccjitinp tlie Ferns; 
but they have recently been detected in Mosses, and in 
the Hepaticse or Liverwort tribe. The stomata of Mar- 
chantia poly u orphi are admirably illustrated by Mirbel. 

It is by means of these brottthing-pores, that leaves 
and the leaf-like parts of plants exhale and inhale air. 
Their olhce ^ theref<»rc nearly thtfsameas that of the 
spiracles or breathing-pores of insecU. 1 hey also 
■assist materially in evaporation. 

17. Hair.s {Tijmphatic hairs of IH; Candolle) are 
very slender, elongated jtortiims of the cuticle, which 
are more or less almndanl upon the surface ol iiiany 
plants, forming what is called piihcscriicc. Their true 
structure cannot usually be ascertained by tbe naked 
eye, but an ordinary microscojrc is sufficient lor their 
examination. * 



Hairs often consist of a single attenuated cellule, 
when they are said to be simple, as in fis;- 14, a. Some¬ 
times they are composed of several cellules placed end 
to en(k(^g-. 14, h. c ), when they are called '/or«/fd hairs. 
Cy this kind are the long, blue hairs with which the 
statneris (l2’4)of the .Spiiler-Wort (Tradesea7ilia) are 
furnished (/g-. 14, h.). They are made of numerous 
0^1 cells strung together in a single row, and have a 
strong resemblance to tbe auteiina! of some coleopter¬ 
ous insects.** Those of X intbium spinosiim, with* a 
high magnifying power, have the appearance of a bam¬ 
boo in miniature (Jig. 14, c.). It often happens that 
several hairs grow together at the base, spreading 
towards the extremity, forming JrancAed or vom/tound 
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hairs. In some cases they are two-forkeJ, as in fig. 
M, d; they are three-forked in several Cruciferous 
plants, and Tnany-forkcd {fig. 14, e.) in some of the 
Mallow tribe. They arc said to bh stellate or star- 
shaped {fig. 14, f.) whe» several hairs arise from the 
same point, and spread in every direction. Such hairs 
are seen in Sida, and otiicr plants of the l^allow tribe. 
Sometimes two hairs start from a little elevation of the 
cuticle, and point in opposite dircction.s, when they have 
the appearance of a single hair fixed hy*its middle (^g'. 
14, g.)\ such hairs are seen in all the s|)ecics of the 
Indigo-plant, and also in the Shepherd’s fiurso. Hairs 
which arc furnished with several shorter ones on their 
sides, as in fig. 14, h, arc said to be toothed. When 
the branches arc still longer, they are said to be pin¬ 
nate ; and wlien tlrc branches are divided in the same 
manner, they are said'to he plumose. 

Every part of a. plant which is exposed to the ah' 
may bear hairs, but they commonly abound upon young 
sterns and leaves. They are, almost without excep¬ 
tion, more abundant on the lower than the tipper sur¬ 
face of leaves. 'I'heir situation in leaves is always 
upon the frame-work or veins and their ramifications, 
and not upon the parencliyina. Subterranean stems and 
those which grow under water pre always destitute of 
hairs. Young leaves and fruits are more thickly 
clothed with hairs than the same organs fully grown. 
The pubescence frequently falls off during their 
growth, as in the leaves of the Ilorje-chesiiut and 
Poplar; but sometimes the growth of the organ merely 
spreads the pubt scence over a greater surface, and thus 
renders it more sparse. • 

The flower is sometinles 'provided with a peculiar 
kind of pubescence ; the hairs have the same color as 
the organ to which they belong, and arc protrusions 
of its substance, and not simple a])pendages of the cuti- 
cld. The Inside of the petals of Menyanthes, and the 
stamens of the Spider-wort and Mullein, furnish exam¬ 
ples of this kind of hairs. 

Little is certaiifly known concerning the use of 
pubescence. It has been considered as a provision for 
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facilitating evaporation by increasing the quantity of 
exposed surface ; and this view is rendered plausible 
from the familiar fact that hairs are wanting in succu¬ 
lent plants, which hrse scarcely any thing by evapora¬ 
tion, while, on the other hand,cthcy are often abundant 
upon plants which evaporate greatly. Their situation 
upon the fraine-work of the leaf, hovvever, does not seem 
to adapt them to this purpose; and, besides, abundant 
provision is otherwise made for evaporation. Some 
writers think that the office of hairs is to absorb mois¬ 
ture from the atmosphere ; a view which is liable to the 
same objection as the foregoing one. The opinion of 
De Candolle, which is on the whole most probable, is, 
that pubescence serves to protect the surface against 
the effects of excessive heat or moisture, and to 
restrain, in some degree, evaporation from the breath- 
ing-pores. According to this vie.v, the office of pubes- 
cvmce in plants is very similar to that of the hairy cov¬ 
ering of the skins of animals. The absence of hairs 
on the leaves of succulent plants, in which the stomata 
are mostly closed up, and their abundance on the lower 
surface of most leaves (the surface most liberally 
furnished with breathing-pores), is highly favorable to 
this view. 

When hairs grow on the margins of any organ so as 
to form a fringe, like the eye-lashes, they arc called 
cilioR. Stiff and strong hairs are called bristles. Bris¬ 
tles curved near the point, as in the fruit of the Burr- 
dock and Clott-burr( Xanthivm strumarium) are called 
hooks. They are called barbs when their apex is fur¬ 
nished with two short hooks (as in the fruit of Echino- 
spermum Lappula), or with two sharp processes point¬ 
ing backwards like the barb of an arrow, so that when 
they pierce the skin they are with difficulty with¬ 
drawn. 

The different kinds of pubescence, with the names by 
which they^'dre distinguished, will be noticed in the 
chapter on Glossology. It may here be remarked that, 
while the degree of pubescence is of little consequence 
in systematic botany, its kind furnfehes excellent cha¬ 
racters for distinguishing species. 
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18. Glanddlar Hairs have a niorc complicated 
structure than ordinary hairs. Two distinct kinds of 
apparatus have been confounded under this name, viz: 


Fig, 15 proper glandular hairs, 

' 1 ^ or rather stalked glands, 

I \ and stings. True glan- 

ft* dw/ar Aatrs consist of lit- 

1; S \\ 11 bodies, tailed glands, 

|| I which arc capable of 

^ ® /w ‘I peculiar 

tlSSfio volatile, aromatic, or 

el h c (I e gliitinou.s fluid, placed 

on the summit of stout hairs, 'i’hcy aboutul on the 
leaves of the Sundew, on tJic ilower-cup and stalks of 
(ho Fraxinella of the gardens, and the Itosc {Jig- l.l, 
'(.), In the coininop ilutternut { fig. 15, 6.) the. gland is 
.(11 o])oii cup, lillod wij.h a gliitiiions and 4)ittcr fluid. 

.Similar bodies, wliich are not mounted upon hairg, 
are called srssi/e glands. The stem of Polanisia 
gravcolciis exhibits tlierii quite well. 

Stings (fig. 15, c, el.) arc rigid, sharpqiointcd, and 
tubular hairs, wliich stand upon a peculiar kiad of 
gland, and serve as the outlet of the irritating fluid they 
(iroduce. The structure < f stings is very curious. 
'I'hose of the Nettle {fig. 15, c.) consist of a large 
gland, tilled with an acrid and poisonous liijuor, sur¬ 
mounted by a sharj), hollow bristle, from the point of 
which the fluid exudes when the poison-bag is pressed 
iijion. The efl'oets of the venomous sting of the com¬ 
mon Nettle are too well known ; but they arc not to 
be compared with those of some East Indian sp^ecies, 
which have been known to produce, not only the most 
excruciating suflerings fcir several days, but violent 
feyer, with lock-jaw and otlicr dangerous symptoms. 

•Jti the Gourd {fig. 15, d.) the biistleis jointceJ, and the 
liiiuor of the gland is but slightly irritating. Stings 
ar(j evidently organs of defence. In thfir structure 
and office they are strikirig-ly similar to tie fangs of 


venomous serpents. 

19. Scales, {fig^ 15, e.), which give the peculiar 
scurfy appearance to the leaves of Atriplex arenaria, 
3 
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Shepherdia Canadensis, and most species of Croton, are 
of the same nature as hairs, and arc usually fixed to the 
cuticle by their middle. In the examples referred to, 
each scale is a bunch of stellate hairs, which have grown 
together into a single body. . 

20. Prickles are conical, sharp-pointed processes 
of the cuticle and cellular integument beneath it. They 
have neither woody fibre nor vessels in their composi¬ 
tion, and consequently may easily be broken off. In 
this respect they differ from spines, which belong to the 
woody and vascular tissues. Prickles may exist uj)Oii 
almost every part of a plant; those of the stems of the 
Rose and Gooseberry, and of the fruit of the Stramo¬ 
nium, are very familiar examples. When young they 
are soft and green; as the stem increases in diameter 
they enlarge at the base, and finally harden, when, if 
the stem continues to grow, bci/ig no longer able to 
accommodate themselves to the expanding surlace, 
they soon fall off This is the reason why the young 
branches of the Gooseberry and Raspberry arc prickly, 
while the older ones arc nearly unarmed. Prickles do 
not difl’er essentially from bristles ; they are not inaptly 
characterized as “hairs of a larger growth.” 

21. Dc Candolle has given the name of Lenticels to 
the brown spots that are found upon the cuticle of the 
Willow, the Birch, arrd most trees and shrubs of this 
climate. When they first make their appearance, they 
arc oval spots with their largest diameter parallel with 
the stern; but by the distention of the cuticle, as the 
branch increases in diameter, they become round, and 
finally elongate horizontally. From these points 
roots make their appearance in a few days, when 
a cutting of Willow, &c. is planted, or is kept in 
water. 

V 

Sect. II. Of the Root. 

22. When a seed is placed in the ground under cir¬ 
cumstances which favor its development, the embryo 
plant contained within it begins to g^ow, and to increase 
in length in two opposite directions; one of its extremi- 



THE ROOT. 


27 


ties is always turned upwards toward the light and air ; 
the other as invariably takes a downward direction, and 
buries itself in the earth. The portion which elongates 
ui)wardly, is the ascending axis ar stem; and that 
wJiich extends downwar^Jly, forms the descending axis 
or root. The point from which these two opposite 
elongations start, or, in other words, the line where 
the root and stem join, is called the cdllct or neck. 
At this early period of the plant’s existence the neck 
is usually distinctly visible, but after a while it becomes 
merely an imaginary line of separation between the 
base of the stem and the base of the root. 

As this double elongation takes place in the germin¬ 
ation of all seeds, it follows of necessity, that all plants 
l)roduccd from seeds must have, during their early 
growth at least, boih a stem and root. The few excep¬ 
tions to this rule are .rather apparent thsin real, and do 
not affect its truth. Thus, the Dodder and all similar 
parasitic plants are furnished with true roots in early 
life ; but when they have fixed their suckers upon neigh¬ 
boring vegetables, so as to draw from these their nour¬ 
ishment, their roots, being no longer needed, wither 
away. The same remark may be applied to the aquatic 
plants which float upon the surface of stagnant water; 
none of these are rootless from the beginning (except¬ 
ing the Alga; or Sea-weeds) ; anti many, like the Lemna 
or Duck-weed, are provided u'ith roots during their 
whole existence, although they do not serve, as in 
most cases, to fix the plant to the soil. 

23. The root has been defined to be the subterranean 
stem, or that part of the trunk which fixes the pjant to 
the soil and burrows beneath its surface. This defiqi- 
tion is quite defective, and leads to some erroneous 
(yfnclusions; for while many roots are not at all con- 
“fiiectcd with the earth, the true stem, on the contrar)"» is 
often in part, and not uSTrequently entirely, subterra¬ 
nean. The principal distinction betweerk^he root and 
the stem is to be found in the difference of the direc¬ 
tion of their growth. In structure they differ in this, 
that, as a general* rule, roots have neither breathing- 
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pores, spiral vessels, pith, nor buds. To the first of these' 
characters there drc no known exceptions. The roots 
of most Endogenous plants (33), however, are provided 
with pith, and spirah vessels Jiavc recently been detected 
in several plants of the same class; but Exogenous 
plants have annular ducts in i)lacc of spiral vessels, 
and the pith, which usually aboundoin the stem, always 
terminates abruj)tly at the neck. Roots do not give 
rise to buds and leaves under ordinary circumstances ; 
consc(juently they present neither scales which art 
the rudirnerit.s, nor scars Avhicli are the vestiges, ot 
leaves. Commonly, also, the bark of roots docs not 
become green by exposure to sunlight. 

Roots do not form branches in any regular order; 
the branches of steins, on the contrary, arc more oi 
less symmetrical, being produced by, the development 
of buds which have a regular arra’igcrncnt. The jirin 
cipal increase of roots in length takes ])lacc at their 
lower extremities; growing stems, on the other hand, 
elongate thronghoiit their whole extent. 

Although no roots are originally furnished with buds, 
yet lliose of several trees and shrubs arc cajiable ot 
producing them under peculiar circumstances. It is 
well knoH'n that w'hen the trunk of a Poplar is cut oil' 
near the ground, those roots which spread just hcncath 
the surface produce bdds, and a multitude of young 
shoots make their appearance. The great aceiimiila- 
tion of .sap in the root gives rise, in such cases, to irre¬ 
gular or adventitious buds (44). 

As roots are sometimes capable of producing stems, 
so, on the other hand, stems not unfrequently give rise 
to.adveutitious roots. Most creeping stems produce 
them at every joint, or wlijerer/er an accumulation of 
sap takes place. The branches of many shrubs, whe t 
they are bent to the ground and covered with earth, 
send out roots, and are then capable of growing as sepa¬ 
rate individiifls. By taking advantage of this circum¬ 
stance we are enabled to multiply many plants by 
division. Such roots are sometimes given ofi" high in 
the air from the stems, and even fro«n the leaves of a 
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great number of woody and climbing plants of tropical 
countries.* They are very slender, and do not increase 
in diameter until they have reached the ground, and to 
effect this they not uncommonly Attain the length of 
eighty or a hundred fee*. The stems of Indian com 
often produce these aerial roots from their lower 
joints. * , 

Duhamcl and other of the older botanists, to who m 
these facts were familiar, were in the habit of making a 
singular but somewhat hazardous Experiment, upon 
those young trees which ar>^^pable of producing 
adventitious roots, such as the Willow and Poplar. 
TJiey bent the trunk so a.s to bring the extremity of the 
branches to the ground, and when they had taken root 
and established themselves in their new situation, they 
were wholly covered with earth, while the true roots 
were uncovered audsolevatcd into the air, and thus the 
tree was turned topsy-turvy. The roots, adapting 
ihemscives to their new situation, produced leaves, 
W'hile tlie former branches took the place of roots. 
These cxiicriments, however, liy no means establish 
the point tiiey were designed to prove, viz.: that roots 
and branches are mutually convertible into each other. 
Branches are not changed into roots when buried in 
earth : neither are roots converted into branches by 
being elevated into the air; Tmt in these cases the 
buried branches give rise to adventitious roots, while 
the roots, detached from the soil in which they grew, 
form adventitious buds. 

24. The root commonly has a caude'x or trunk, from 
which proceed several slender branches or filwes, by 
whose extremities nourishment is absorbed from the 
soji. These blunt extremities arc composed of lax 
flftllular tissue and the open mouths of ducts ; they arc 
called spoiigiolcs or spongclets, Tjiat roots absorb 
fluid solely by means of those spongelcts Senebier 
proved, by a simple experiment, wh««h is easily 
repeated. He took two young radishes from the 
ground with their stems and leaves ; one was so placed 

-•- 

♦ Examples, Ficus elasUcaaiul all the species of Rhizophora. 
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that its apex only (dipped into water; the whole root of 
the other was plunged beneath the same fluid, excepting 
the apex, which was exposed to the air. The leaves 
of the former remaned fresh for several days, but those 
of the latter soon began to wirtior, and only recovered 
their freshness when the extremity of the root was im¬ 
mersed. * 

It should be remarked, that the base of the root is 
the extremity which is applied to the base of the stem, 
and the opposite extremity is the apex. 

When the caudex is unbranched and tapers regularly 


Pig. 1C. 


Fig. 17. Fig. 18. 



from the base to the 
apex, as in the Car¬ 
rot, it is said to be 
tap-rooted or conical 


IG.' 


When 


■conical root tapers at 
the base also, as in ihe 
Kadish, it is called 
fusiform or spin¬ 
dle-shaped (fig. 17.) 
When the caudex is 
rnucli swollen at the 
base and tapers ab¬ 
ruptly below, as in 
Ihe Turnip, it is said to be napiform ( fig. 18.}. Some 
limes instead of a single caudex, the root is made up 
of several distinct portions which are joirred to the 
base of the stem. When these divi.sions arc slen- 
Fig. 19. Pig.20. derand thread-likr 

throughout their 
whole length, the 
root is said to be 
fibrous (fig. 19 1. 
If these fibres are 
more or less swol¬ 
len in the middle, 
they produce a 
fasciculated root 
(fig. 20.), as in the 
common Paeony of 
the gardens, and 
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sevefal species of Orchis. The gr|iduBl passage of 
fibrous into fasciculated roots, may be very finely seen 
in several common species of the Ranunculus or Crow¬ 
foot genus; for example, in R. rectirvatus and R. fas- 
cicularis. • 

Occasionally the root bears one or more tubers, 
which are knobs hr thickened portion^, filled with 


Fig. 21. Fig. 22. 



starch, and iiilcnded, in all probability, as reservoirs of 
nourislnncnt. Such roots are termed tuberovs or tu- 
hifcrutm roots. They arc very common in the Orchis 
tribe (fig. 21.) ; in which the tubers are sometimes pal¬ 
mate, or deeply divided, like the hand with the fingers 
extended (fig. 22.). Tuberous roots should not be 
confounded, as they frequently have been, with true 
tubers or bulbs, .such as the onion and the potato; of 
which the former is a subterranean bud, and the latter 
a modification of the stem. . 

The office of roots is to fix the plant to the earth, 
and to absorb from the »oil, and transmit into the stem, 
iWod for its support. 

25. It has been ascertained by somq highly interest¬ 
ing experiments, that the roots of many plants continu¬ 
ally deposit in the soil a particular matt»», the nature 
of which is uniform in each species. Thus, the Pea 
leaves a gummy substance in the earth it grows in ; the 
Euphorbias a kitid of gum-resin, of the same acrid 
nature as the milky juice of these plants; while the 
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Lettuce and the plants allied to it, as well as the Poppy, 
deposit a substance which has the taste and odor of 
opium. There is good reason to believe, that in this 
way plants not orily eliminate a portion of their own 
peculiar secretions, but also rid themselves of any use¬ 
less or deleterious substances they may have taken into 
their system. The whole subject is of great interest to 
the agriculturist as well as to the botanist. It ofl'ers a 
plausiblf! exj)lanation of the well-known fact, that some 
vegetables materially injure, and even destroy, other 
species in Avhose vicinity they happen to grow ; not so 
much, it would seem, by apj)ropriating to themselves 
an undue portion of the common nourishment, as by 
the ])ositively deleterious effects of their excretions 
upon the plants in their vicinity. It is also a circum¬ 
stance familiar to every botanist, tluit some species ap¬ 
pear to prefer‘each other’s society, and are almost inva¬ 
riably found in company, in their native situations. In 
these cases it is probable that one plant is nourished in 
part by the excretions of the accompanying species. 
The soil in which a single species has vegetated for a 
long time becomes, as cultivators well know, deterio¬ 
rated for that species; not because the soil is exhausted, 
for some other plants Avill grow in it extremely well, 
but for the reason, that the excretions of any plant arc 
injurious to other indiViduals of the same kind. Thus 
M. Macairo found that kidney-beans languished Avhen 
fed Avith AAMter in which individuals of the same kind 
had been raised, but Avheat Avatered Aviththe same fluid 
flourished and'groAV more rapidly than Avlicn supplied 
Avith .pure wati^r. Tlicse facts, without doubt, furnish 
us Avith the true explanation of the advantages of a 
rotation in crops.* . • 


* Those who tul*c an interest in this curious suliject will do well to 
consult Pc (Janilolle, Phjsiologie. Vvgclale, pp. 248, 1474, ft 1503; 
also a memoi^,®!' M. Macaire in the Memoirs of the Society of Na¬ 
tural History of Genova, vol. 5. 
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Sect. III. Of the Stejn. 

1. Of its External ModifkAtions. 

2G. The Stem is tfic part which grows in an 
ascending direction*when a jil.int is raised front the 
seed. To it belongs every thing that itftervenes be¬ 
tween the root and the leaves. While the root, avoid¬ 
ing the liglit, inclines to bury Itself ii» the earth, tiie 
stem has a strong tendency to rise in the opposite direc¬ 
tion, so as to expose itself as much as possible to the 
light and air. At the comnienccmcnt of its growth, 
the stem always takes an ascending direction ; but sub¬ 
sequently it often extends horizontally, either iijion or 
beneath the surfacf. Sometimes, indeed, it remains 
entirely under gronnd/lnring the whole We of the ])lant, 
and continues to increase in size without extending iii 
any particular direction. Stems of this kind were mis¬ 
taken for roots by the earlier botanists, as they still are 
by jiersons who arc not botanists. All Flowering 
plants have stems in some form or other. Those which 
have consjiicuons stems arc said io he caulescent; and, 
in contradistinction to these, plants which are provided 
with an inconsjiicuous or subterranean stem only, are 
called acaulescent or stemless ^ilants. It would be 
more correct to say of such plants, that they are svh- 
caulcsceiit, for they are in no case really stemless. 

27. During the growth of the stem, its elongation is 
momentarily checked at certain intervals, by which 
narrow portions are rendered more firm than the other 
parts of the stem. No explanation has been oftered 
concerning the cause of, thjs periodical interruption 
Tlv;;'irrnier portion which results from it is termed a 
^ode ; and the space which intervenes between tuw 
. nodes is called an intcrnodc. Nodes exist, under some 
fogm, in all stems, and are situated at regular distances 
from each other. They are, in numerous cases, entire 
rings, as in the Elder, in the stems of Grasses, the 
Bamboo, &c., in which they are usually, but improperly, 
called joints. They have not the nature of joints, fo!i 
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there is no tendency to a separation at these places, but 
rather the contrary. 

Often this momentary interruption takes place at 
particular points, and not around the whole circumfe¬ 
rence of the stem. In such .cases no ring is formed, 
but the nodes are said to be divided. Examples of 
this kind are seen in the Apple-tice and in all plants 
with alternate leaves (00). 

It is worthy of especial notice respecting nodes, that 
from these (and, cxcc])! in extraordinary circumstances, 
from these only) all buds, and consequently all leaves 
and branches, originate. Buds (42), which are nothing 
more than branches in miniature, are always called into 
existence by the growth of the stem ; and in turn they 
exert an important influence upon its increase, the 
nature of which will be better unolerstood in another 
place. As buus always arise from nodes, and as nodes 
are produced at regular intervals along the stem, it fol¬ 
lows that branches should always be symmetrical. 
They really arc so in many plants ; and the reason why 
this symmetry is not always to be observed, is, that 
only a small portion of the existing buds grow into 
branches, and the remainder are destroyed, by various 
causes, at an early period. 

28. Those stems which, every year, either perish 
entirely, or die down to the ground, leaving a subterra¬ 
nean stock from which new shoots arise, are said to be 
herbaceous. Those which endure for an indefinite 
period are called trees when they have a single trunk 
which exceeds by five times or more the height of a 
man shrubs, when they are of lesser height and 
branched near the ground; and undershrubs, when 
they arc intermediate in texture and duration between 
the shrub and herb. 

The stem or gtraw of grasses Linnams distinguished 
by the name of culm ; a term which it is often conve¬ 
nient to use,-although a culm does not differ very mate¬ 
rially from an ordinary stem. 

Stems which have too little strength to stand erect, 
often support themselves by adhering to neighbor¬ 
ing bodies. These are called Climbers. The Vine, 
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the Passion-flower, &c., climb means of ten¬ 
drils (63), and the Virgin’s-bower (deniafts Virgini- 
ana) climbs by its leaf-stalks. Numerous stems coil 
spirally around the stems or otl^er objects within 
their reach ; these are voiuhle or twining stems. Each 
species twines with uniformity, either from right to 
left, or from left to fight; but the cause of this, or even 
of their twining at all, is wholly unkuow-n. 

A Runner is a prostrate and slender stem, sent off' 
from the base of a parent stem, whiclf roots and pro¬ 
duces leaves at its extremit)-. In this way a young 
plant arises, capable of existing apart from the original 
stem, and of extending itself in tlie.same manner. The 
runners of the Strawberry are the most familiar exam¬ 
ples. 

A Sucker is an eject branch from the subterranean 
portion of a stem, which lirst produces leaves, and 
afterw'ards gives rise to roots, when it becomes ait 
independent plant. 

A Stolon is a branch from the low'cr part of a stem, 
which falls to the ground and takes root. 

An OJfset is a short prostrate branch, terminated by 
a tuft of leaves and capable of taking root, as in the 
Honselcek. 

These are the principal varieties which the stem 
assumes when it rises above the surface of the ground. 
Its subterranean modifications are so peculiar that they 
require a separate notice ; the more so because they 
were for a long time confounded with roots, from which 
it is important that they should be distinguished. The 
most common of all these forms is, . 

29. The Rhizoma or rootstock {fig. 23.), a prostrate 
stem which elongates and produces leaves or branches 
frain'ils anterior extremity, and roots from any part of 
.>its surface. It may be either half-burjed in the soil, 

. as in the common garden Iris, and the huge prostrate 
trunks of the 'Water-lily ; or entirely sii^tcrranean, 
as in the Acorus Calamus or Sweet-flag, and numerous 
other examples. 

The rootstock increases in length from year to year 
by its anterior extremity, and at the time, as large a 
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portion of its older or posterior extremity perishes ; 
from this circumstance, perhaps, it has been called a 
progressive root. This kind of growth, however, will 
serve to distingui^i them from roots, which elongate 
in the opposite direction, and foy the extremity the most 


Fig. 23. - Fig. 24. 



remote from the stem and leaves. Rootstocks, more¬ 
over, iire marked with scars or scales, the vestiges ol 
leaves, from the axils of which buds 'iftcii arise : roots 
arc not furnished with scales, and are incapable of pro¬ 
ducing buds. The scaly roots of the old botanists are 
therefore varieties of Jhe subterraneait stem : they are 
rootstocks, clothed with the thickened and adherent 
bases of former leaves, as is seen in lIydroi)hyllnm 
Canadeuse {fig. 24.). 

True creeping roots are sometimes seen, but tliis 
name has more frequently been aj)plicd to those stems 
and branches which creej) below the surface of the 
ground. Of this kind are the roots, as they are incor¬ 
rectly termed, of the Mint, of the Couch-grass l^l'riti- 
cum repens), and of Cyperus Hydra, that scourge of 
tffe planters in J;he Southern States. These subterra¬ 
nean branches are extremely vigorous, and often extend 
to a great distance in the soil, which they occupy to the 
exclusion of other plants. They are very tenacious 
of life, being furnished with buds at every node. Thus 
constituted they are the great enemies of the agricul- 
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turist, and some of them are absoluttfy indestructible 
by the ordinary operations of husUndry; for when 
torn in pieces by the plough, each j^rtion is placed in 
the most favorable circumstances'for the develop¬ 
ment of its buds, and sonse fifteen or twenty individuals 
spring up in the place of a single branch. Creeping 
roots, on the contrary, rarely give the cultivator trouble, 
as (excepting a few species which very readily pro¬ 
duce adventitious buds) they perish when the stem is 
destroyed. * 

30. The CoRMUs (j£g'.,25.) is a roundish stem, which 
remains underground, but does 
not extend in any particular di¬ 
rection. From its upper surface 
branches or leaves arise, and at 
its base it sends out fibrous 
roots. Examples of the cor- 
mus are found in the Crocus? 
the Tulip, and the Indian Tur¬ 
nip {Arnm triphyllum). 


31. Tubers are short and thickened portions of an 
underground stem, furnished with several buds, which 
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is one of the best l.nd most familiar examples of this kind 
of stem {fig- 2G.V. Its tubers are portions of subter¬ 
ranean branches.Very much enlarged by the accumu¬ 
lation of a quantity of starchy matter around several 
buds, or, as they are usually called, eyes. Inspec¬ 
tion during their forming state renders it evident, that 
potatoes are borne, upon short branches, and not upon 
the root as is commonly supposed. Consequently, to 
produce them in considerable ([uantilies, it is necessary 
to heap tl)c earth around the lower part of the stems, 
to the end that the number of subterranean branches 
mav be multiplied. These branches are slender and of 
the same diameter throughout, when they first make 
their appearance. After a while they suddenly cease 
to elongate, and the nutritive matter, accumulating in 
their extremities, causes these to enlarge, and the (le]) 0 - 
sition of starch in their tissue continues this enlargement 
until the full-grown tuber is formed. By j>articular 
management, potatoes have been made to form upon 
the ordinary branchc.s of the plant, and in the axils of 
the leaves.* 

Small tubers are called tubercles. Gran uhitcd routs, 
as the older botanists termed them, are in some 
instances scaly rootstocks, as in Wood-sorrel (OxaZ/.s) ,• 
and in other cases, clusters of tubercles growing at the 
base of the stem, as in Dielytra Cucullaria t (fig- 27.), a 
delicate, early-flowering plant of the Fumitory tribe, 
with handsome cream-colored floweis, of a very 
bizarre appearance. 

32. The Bulk (bulbous root of Linna:an botanists) 
is a very short stem, which bears a bud on its upper, 
and emits fibrous roots from its lower, surface (figs. 
28 and 29.). The structure bf the bulb is sim'lar to 
that of an ordinary leaf-bud, except that, being produced 
beneath the surface of the ground, the scales or imper¬ 
fect leaves which envidoj) it arc usually somewhat 
thickened a^d fleshy. It must be kept in mind, there- 


♦ Dc Ciindolle, Physiologie Vcgclcld, I., p. 156. 
t Coiydalia Cuculloria of Pcr.’toon nnd Pursh. 
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Pi?. 28. 


Fig. 29. 




a. b. 

fore, that a bulb is a subterranean Icaf-Mid, ahhoug;h it 
is more convenient to notice it here among the modif> 
cations of the stem. Tliere are two kinds of bulbs: 

1st. The naked or scaly bulb, in which the scales are 
fleshy and distinct or cohering at their buses onlj’, as in 
the Lily {jig. 28, a.). Fig. 28, h. represent.s a longi¬ 
tudinal section of the same bulb, and exhibits the bud, 
or growingportion, the development of which farms a 
stem. 

2d. The tunicated bulb {jig.'‘Z9.), as in the Onion, 
in which the scales surround the bud, forming a 
distinct covering of several layers. The innermost 
layers are commonly fleshy, and the outer ones dry and 
membranaceous. 

Bulbs arc not always found beneath the surface of 
the soil: they are sometimes produced on ordinary 
branches, or even upon* leaves. A common variety 
of the Onion, and several plants of the Onion tribe, 
bear them instead of flowers. The Orange-lily, a vAy 
common plant in our gardens, produces bulbs in the 
axils of the leaves, which when full grow spontane¬ 
ously separate from the stem, and fall to the ground, 
where they take root. 

In many botanical works mention is made of solid 
bulbs. Such bulbs, it is evident, can have no exist- 
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ence. They aretin some instances tubers, but are com¬ 
monly examplesVof the cormus. Ex. The Tulip and 
Crocus. Some abhors term them bulbo-tubers. 

2. Op IT.S Interna* Structure. 

33. There are two principal modifications of struc¬ 
ture in the stem of Flowering plants. Some stems are 
made up of three distinct parts, viz.: bark, wood, and 
pith ; of which .the pith always occupies the centre, the 
wood is placed in regular layers around the pith, and 
is intersected by very thin plates of cellular tissue, 
which radiate from the centre to the circumference; 
the bark surrounds and encloses the whole. Such 
stems increase in diameter by the regular addition of 
new layers to the outside of the old wood; whence all 
plants whose .stems are thus constructed, are called 
Exogenous plants, or, as the name denotes, growers 
outwardly. 

Other stems occur in which there is no distinct bark, 
woody layers, or pith, but bundles of woody fibre and 
vessels are imbedded, seemingly without regular 
order, in a spongy tissue; the oldest portions being 
at the circumference, and the newly-formed bundles 
near the centre. Plants with this kind of .stem have 
received the name of Endogenous plants, or growers 
inwardly. The principal peculiarities of these two 
kinds of structure will be comprehended at once by the 
inspection of a branch of the Oak, Maple, or of any other 
tree of this climate, and a piece of cane or rattan; the 
former are examples of the Exogenous, the latter of 
the Ehdogenous, mode of growth. They require to be 
separately considered ; and as the former is most 
familiarly known, and has received the atlcntitm of 
botanists in a much greater degree, we shall commence 
with, ' 

gj. The Exogenous Structure. 

34. A transverse section of an Exogenous woody 
stem {fg. 30.) always presents the following arrange¬ 
ment. The pith, a light and spongy .cellular substance, 
occupies the centre. This is surrounded and enclosed 
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by a thin layer of spiral vessels witlisonie woody fibre 
which forms a complete sheath or casing for the pith ; 

henc/ it is termed the 
Fig. 30. ^ medullary sheath. Next 

in order to the medullary 
sheath, and making up 
the principal bulk of the 
stem in shrubs and trees, 
is the i^ood ; which is 
composed of cellular tis¬ 
sue, woody fibre, and 
ducts. The number of 
concentric rings or cir¬ 
cles, ijrcsented by a cross- 
section of the wood, is an 
accurate yidcx of the age 
of the stem, a new ring of wood being formed everj' 
year. The newest woody layer is formed on the out¬ 
side of the existing wood and next to the bark; the 
earlier layers remaining near the centre of the stem, 
wholly undisturbed by its future growth. 

The numerous fine lines which radiate from the pith 
to the surface of the wood, arc the medullary rays. 
They arc thin plates of cellular tissue which perforate 
the medullary sheath on ev'cryfside, and pass through 
the wood quite to the bark, cutting it into a great num¬ 
ber of thin wedges. In the accompanying figure they 
are purposely made more conspicuous than they really 
appear in a transverse section of the stem. 

The 6arAr is composed of two parts, viz.: an inner 
portion called the liber {fig. 30, 6.), which consists of 
cellular tissue with woqdy and vascular tissue inter¬ 
mixed ; and an outer cellular portion, which is green in 
young stems, termed the cellular integument {fig. SO, 
c.). The bark is covered, at least in young stems, by 
the thin transparent membrane which inve^s the whole 
of the vegetable, viz.: the cuticle (15). The figure we 
have introduced to illustrate this subject, has the se¬ 
veral parts more conspicuous than they exist in nature. 

It gives a sufficiently clear view of the relative situation 
of these parts in an Exogenous stem. The structure of 
4 « 
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tho stem, howevtr, may be still better understood by 
considering it asathe result of the intimate union of 
two distinct systertis, viz.: the cellular system, which is 
composed of cellular tissue only ; and the fibro-vascular 
system, which consists of wooay fibreand vessels. The 
cellular system is, for the most part, the earliest form¬ 
ed; it is the ipatrix in which the ifbro vascular system 
is deposited. To it belong the pith, the medullary rays, 

and the cellular integument; 

*1^- parts which are, consequent¬ 

ly wholly formed of cellu¬ 
lar tissue. Their arrangc- 
meni j>revious to the intro¬ 
duction of the fibro-vascular 
system, is shown by the an¬ 
nexed diagram (from Lind- 
ley’s introduction to Bot¬ 
any), in which a represents 
the pith, h the bark, and c 
the medullary plates (fig. 
31.). This system is seen 
to occupy principally the 
centre and circumference of tho stem, the medul¬ 
lary' plates sening to connect the two portions 
together. 

35. The pith, or medulla, is a cylindrical column of 
spongy cellular tissue, which commences at the neck of 
the plant, and extending through the axis of the stem 
and branches, terminates at the buds. Its size com¬ 
pared with the wood is variable; herbs and young 
shrubs in proportion to their bulk have more pith than 
trees ; but the diameter of the. column, when once 
formed, never changes. In newly-formed parts the 
pUh is juicy, being saturated with the ascending sap; 
in the same stems when old, it is dry, colorless, and 
very light. At first it is an unbroken column, and 
commonlyVi continues to be so during the life of the 
plant; but in some cases it is broken into several por¬ 
tions, or torn by the rapid elongation of the stem, so as 
to leave irregular cavities, as is seen in the Walnut 
and Horse-chestnut. By the great increase in diameter 
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of many herbaceous stems, the pith isYturn into shreds, 
leaving in its place a large cavity lineA with its remains. 
The column of pith is not interrupts at the nodes, but 
is rendered more compact. 

Respecting the ollic# of the pith many singular 
opinions were formerly entertained. Among other 
views, which it would be useless to, detail here, 
some of the earlier botanists maintained its office to 
he analogous to that of the nervous system in ani¬ 
mals. 'J'his opinion was recently revived, in a some¬ 
what modified form, by Dutrochet. The analogy in 
this case is overstrained, and no observations have 
proved the pith to be endowed with any property 
which is not common to the whole cellular system. 
If the cellular tissue of tlie stem possesses the ))roper- 
ties of a nervouif system, vegetables are certainly 
much more liighly fifvoured in this respect than even 
the highest orders of animals ! *■ 

So far as we know, the principal use of the pith is to 
furnish nourishment to the buds during their early 
growtli. When no longer filled with the juices of the 
plant, it is of no ajiparent use. 

30. 'i'he medullary rays or plates {Jig. 31, c.) are 
thin vertical plates of cellular tissue, sent out in every 
direction from the pith to the,circumference of the 
stem. In structure they are similar to the ]>ith, except 
that the strong lateral pressure to which (hey are sub¬ 
jected by the interposed wedges of wood { fig. 31, d.), 
causes tlu ir cellules to take the shu]>e of muriform cel¬ 
lular tissue (4. Jig. 3.). In trees and shrubs the 
medullary rays apjicar on a transverse section tfs fine 
lines, radiating from the pith and intersecting the wood. 
Theis office is to maintain a communication between 
the pith and bark; through these, the juices whijh 
descend in the bark are conveyed into ihe wood. 

37. The bark, or cortical system, as it is sometimes 
cklled, exists in its simplest state in stcm'S'of a single 
year’s growth. It consists of an inner layer of fibrous 
matter intermixed with cellular tissue, lying in imme¬ 
diate contact with the wood, but readily separable from 
it except at particular seasons, and an outer coating 
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of cellular tissul, colored green by exposure to solar 
light, over whichYhe cuticle is evenly stretched. 

The inner bark\jas received the name of liher ; either 
because in old stems it is made up of numerous layers 
like the leaves of a book, or Recause it was sometimes 
used for writing upon, previous,to the invention of 
paper. , 

The outer spongy portion is called the cellular or 
cortical integument, and sometimes, but improperly, 
the epidermis. It is this part, developed in an unu¬ 
sual degree, that gives the peculiar swollen appearance 
to succulent plants; it also abounds in many edible 
roots; very much exceeding the woody portion in the 
Carrot, tlic Parsnip, &.c. in which it is unnaturally 
developed by cultivation. 

The bark increases in diameter Wy the deposition of 
a new layer every year between'the original liber and 
The wood ; each new layer is, as it were, a repetition of 
the first, consisting like it of an inner fibrous, and an 
exterior cellular portion ; but the s]>ongy portion 
being excluded from the light does not become green, 
as in the original cellular integument. That new lay¬ 
ers arc actually added to the bark internall)-, was first 
proved by Du Hamel, by a simple experiment whicli has 
often been repeated. • lie passed a metallic thread 
through the innermost layer of the liber of a young 
tree; and on cutting across the bark, several years af¬ 
terwards, the wire was found to have been pushed out¬ 
wards by the deposition, between itself and the wood, 
of new cortical layer.,, coinciding in number with 
the years that had elapsed since its introdnclion. 
As the bark grows by the successive addition of 
annual layers, it would appear that the age of a tree 
nyght bo determined by counting these layers. This, • 
however, can oflly be done in a young tree in which 
the cuticle and cellular integument remain entire. In 
old trunks Ifie outermost and oldest layers are torn liy 
the continual distention of the growing stem, and 
becoming dead matter, finally fall ,away. The dura¬ 
tion of the bark varies in difierent species. In the Oak 
the Elm, and in many trees of the Fir tribe, it 
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breaks into deep longitudinal fissuf’es as the stem 
increases in diameter, and attains thA thickness of se¬ 
veral inches, or even a foot, in sony old trunks. On 
the otiicr hand, a portion of the bark of the Ameri¬ 
can Plane-tree* falls off every year in the form of brit¬ 
tle plates, and in the Birch it is separated into thin 
membranous layers,*which Jiavc been mistaken for the 
cuticlt!. 'i'lie Jiber possesses consideiablc*strcngth, and 
is applied to many useful purposes. Mats and coarse 
cordage arc made from the bark of Tilia (called in 
Europe Liudi n or Lime-tree, and in this country Bass¬ 
wood), and the bark canoes of the Indians arc made 
from a species of Birch. I'he woody fibre which is 
used for the manufacture of cordage, in all Exogenous 
plants (as in liemp, flax, several Malvaccous plants, 
&c.), belongs to the liber and not to the stem. The 
bark, like the wood, i« traversed by medfillary rays, the 
extremities of which arc in contact with those of th(^ 
stem. 

The bark is obviously intended for the protection of 
the young w'ood which is formed beneath it. It is also 
the medium through which the juices of the plant 
which liave been elaborated in the leaves, descend and 
are trausmilted to the w'ood ; consequently the bark is 
absolutelj' essential to the life of an Exogenous plant. 
In herbs and in young branches where the bark is 
green and succulent, it i>erforms the same functions as 
the leaves, which arc in fact mere expansions of the 
bark; and it supplies their place whenever, as in the 
Cactus or Prickly-pear, true leaves are not developed. 

38. The medullary sheath is the earliest fiymed 
portion of the vascular system ; its growth is 
simultaneous w'ith that <Tf the pith which it encloses 
. from the base of the stem to the extremity of the 
branches. The medullary sheath is an, extremely thftx 
layer of woody fibre and spiral vessels, and it is (a few 
anttmalous instances excepted) the only pwtion of the 
stem in which s|)iral vessels exist. Although its par¬ 
ticular uses are not well understood, yet this organ is 

* Platanus occidentalis, commonly called Button-wood or Syca¬ 
more. 
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known to be cssintial to the perfect ilovclopnient, and 
even to the life, •f an Exogenous plant. Tlie veins of 
leaves and HowerV are prolongations of the medullary 
sheath. ' 

39. The wood, which exists»morc or less abundantly 
even in herbaceous stems, and which con.stitules so large 
a portion of trees and shrubs, inay»now In? considered. 
Its arrangement in Exogenous stems will he understood 
by a reference to Jig. 31, in which d rejiresents the 
wood. We mrry consider it as made up of wedges of 
woody and vascular matter imbedded in the cellular 
system. 'J'he base of each wedge is in contact with 
the inner surface of the bark, the apex is next the pitli, 
and its sides arc bounded by the medullary rays. As 
the medullary rays arc very thin and usually incon¬ 
spicuous, we ordinarily speak of tiie wood as if it con¬ 
sisted of unbrsken rings or circlos. 

.• An examination of a branch, the result of a single 
year’s growth, will give a good idea of the structure 
of the wood. In such a branch it consists of a single 
zone or layer interposed between the ]>ithand the bark, 
and lined internally by the medullary sheath. It is 
made up of woody fibre and ducts intermixed without 
apparent order, except that the ducts are most abun¬ 
dant on the side next to the medullary sheath. The 
ducts are usually of the kind called dotted ducts {Jig. 
5.); their open mouths arc evident in transverse sec¬ 
tions of pieces of Oak or Maple, giving the wood of 
these plants a porou.s appearance. In the I’ine, and all 
Coniferous wood, ducts arc entirely wanting. 

Th^e second year a new layer is formed on the out¬ 
side of the first, similar to it in every respect, except 
that there is no medullary sheath within it; the suc¬ 
ceeding year a third and similar layer is deposited on 
tl»e outside of th,e second, &c.; a new layer being annu¬ 
ally deposited as long as the plant lives. In some 
plants the xtoody layers are separated from each otlier 
by a thin layer of cellular tissue which probably pro¬ 
ceeds from the medullary rays, but in most woody 
stems these interposed cellular zornes are not evident 
A new layer is added to the wood and to the bark at the 



THE STEM. 


47 


same time anrl in the same manner, Although the new 
zone of bark is added on the inside, am! that of tliewood 
to the outside, of tlie old formation, i The outer layers 
of the bark, however, bcitig distended h)' the deposition 
of new zones within them, as well as by the increase 
of the stem itself, are continually destroyed from 
without, vvheic thdy arc exposed to tiie influence 
of the air and other external agents. The woody lay¬ 
ers, on the contrary, being subjected to no distending 
force from wiihin, and protected from External agents 
by the newly ftfi-mcd zones, remain unalterable except 
from disease, during the life of the plant. Inscriptions 
upon the bark of a tree finally disappear in conse- 
(pience of tlie gradual destruction of the oldest layers, 
and foreign substances deposited in its substance are 
.subsequently brongilit to the surface for the same rea¬ 
son. Foreign matters introduced into iTie wood, how¬ 
ever, remain as long as the wood endures. — 

Tlic aiintial rings of wood may be distinguished with 
case upon transverse sections of the trees and shrubs 
of temperatt! climates, or wherever there is a suspen¬ 
sion of vegetation during a portion of the year; those 
oflrojiical countries have them indistinctly marked. 

These rings, moreover, arc not always of equal thick¬ 
ness in the same tree; for the qiwntily of u'ood formed 
in each season varies according as the season is more 
or less f.ivor ible to vegetation, and is also influenced 
hy ir.ativ local eircumstances. In old trees, however, 
the rate of increase is remarkably uniform i)i each 
species. The individual rings are occasionally thicker 
on one side of the tree than the other; or, in i<ther 
words, the tree grows fastest on one side, so that the 
pith is not unfrc<iiieritl^ at some distance from the 
geometrical centre of the trunk. This is owing to se¬ 
veral causes, such as more favorable (jxposure, or fife 
greater development of roots on one side. Other 
tlfiiigs being equal, wood is formed in *4!c greatest 
<iuatitity upon (he side of the tree which develops 
the greatest number of brauebes; the reason of this 
will be hereafter efplained. 

There is almost always a marked difference in color 
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and density between the old and the recent wood; the 
outer or newest* portion, which is always while and 
more or less juicw its vessels being filled with sap, has 
been called in allusion to its color, the alburnum, or 
by workmen, the sap-wood. »After a few years, the 
color of these layers is gradually changed, beginning 
with the innermost; their density*increases, and they 
take thercafttr little part in the transmission of the sap. 
These rings of perfectly-formed wood arc called the 
heart-wood. The change is owing to the deposition of 
a solid mutter peculiar to each species, in the cellular 
tissue which is intermixed with the woody fibres. If a 
piece of heart-wood be digested for some time in weak 
nitric acid, this matter is dissolved, and the wood again 
becomes colorless. The heart-wood i.s always pre¬ 
ferred by workmen, as it is stronget, more durable, and 
less readily afibeted by moisture than the alburnum. 

• In most trees the change in color is sudden and well 
marked, as in Hickory, Black-walnut, and especially in 
the Ebony, in which the alburnum is white and the 
heart-wood black. The heart-wood not uncommonly 
includes a greater number of rings on one side of a 
free than the other. 

The wood of an Exogenous stem 
of a single year's grow'th, may be 
viewed as an elongated hollow cone, 
extending from the base to the siim- 
mitof the stem, and enclosing the pith. 
Tiiis ct)ne docs not extend farther, 
but is the next season surrounded by 
a similar cone, which, like the first, 
does not afterwards elongate or in¬ 
crease in thickness. Each succeed¬ 
ing year a similar hollow cone of 
wood is formed and deposited around 
the older portions, extending beyond 
them in length. Hence, as a neces¬ 
sary result of this mode of growth, 
the trunk of an Exogenous shrub or 
tree is conical. We have attempted 
to show this by the annexed diagiam. 


Fig. 32. 
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{Jig. 32.) which represents a longitudinal section of 
a portion of an Exogenous woody stem. It will be 
recollected that the root is formed upon the same 
plan, except that it wants the pith : it Is likewise conical, 
but in an inverse sense, tfie base of the root and the 
base of the stem being applied to each other at the neck. 
As each layer, or,* to .speak more correctly, hollow 
cone of wood, is the result of a single yeitr’s growth, it 
is evi<lent that the age of an Exogenous tree may be 
ascertained In counting the rings whic^i are presented 
on the transverse section of the trunk near ils base. 
This may be done with great accuracy in most trees of 
temperale or cold climates; in wliicb, owing to the 
periodical suspension of vegetation, the annual layers 
are distinctly marked; and commonly, although not 
always, they may I^e distinguished in the. frees of the 
torrid zone. • • 

A corre.sponding number of layers is deposited in the* 
bark also ; and these would indicate the age of the stem 
with the same accuracy, were they not continually 
stretched and rendered indistinct by ihc growth of the 
stem, and liktwvisc exposed to the destructive action 
of external agents on the surface. 

In old trees the average thickness of the layers 
being nearly the same in each specic.s, and the rate 
of increase very uniform, the age of an Exogenous 
tret! m.iv be determined with considerable certainty 
bv the inspection of a mere fragment, the diameter 
of tile stem from which it W'as taken being also 
known. A cIo.se estimate of the age of a tree may 
also be made by mcasuviug its circumference at the 
base, the average rate of increase for that species 
having been determined fey previous observations. In 
these several ways the ages of numerous very old trees 
have been estimated; but the determiijations, except¬ 
ing where they are based upon the actual counting 
of* the rings ()resented by a transverse soMtion of the 
trunk, should be received with doubt. Professor Lind- 
ley* has pointed out some sources of error which tend, 


* Introduction to Botany, 
5 
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ill some measure, to shake our confidence in such cal¬ 
culations. 

De Candolle hasVsollected the principal facts relative 
to the most ancient trees known, their ages having been 
computed from such data as fhe cases respectively af¬ 
forded; in some instances by actual counting of the 
layers, and iu others by calculation. The following 
examples are e.xtracted from a table given in hi.s Phy- 
aiologie Vegtita^e, 2, p. 1007. The data upon which 
these numbers are founded are given in detail in that 
work,* to which the curious reader is referred for more 
full iuformalion upon this subject. It appears that 
there now e.xists, or has existed, upon the earth 


All Elm . aged 335 years. 

Ivy , . . 950 „ 

Larch {Larix Evropcca) * 570 „ 

Linden {Tilia macrophijlla) 1070—1147 

Orange .... G30 „ 

Cedar of Lebanon , 800, or thereabouts, 

Olive .... 700, or nearly. 

Oak . . 810—1080—1500 

Yew . . . 1214—1458—2880 

Bosiba.h {Adansonia digitata) 5130 (in the year 
1757.) 

American Cypress ( Taxodivin distichum) 4000 t,i 
about tiOOO years. 


The famous Boabab trees of Senegal were measured 
and their ages computed by Adanson. “ The name 
applied to them in their native country means a thou¬ 
sand years; and, contrary to what usually happens, it 
is below the truth. Adanson saw a tree of this hind in 
the Cape de Verd islands, which had been observed 
three hundred years before by two English travellers. 
He found an inscription left by them upon its trunk 
covered by'SOO layers of wood, and thus was enablfed 
to judge of the average rate of increase.” The height 


* ^ artnes, inBMiotkique Uni- 

verseUe, May, 1831, by the same author. 
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of these trees is very small compai<:d with their dia¬ 
meter: with a circumference of from 60 to 90 feet, 
they attain the height of only 70 or 80 feet, or about 
three times tiieir diameter. It is very probable that 
these liiige trunks, like* those of the famous Cedars of 
Ijobanoii, anil Chestnut of Mount Etna, are formed by 
the union of sevor.11 stems, in which case their com- 
putetl age is intich too high. • 

'Pile age of the Cypress-trees given in the table was 
calculated by De Candolle from an ^account of two 
Mexirun iodn iduals of extraordinary size ; but the data 
upon whi' h i he eomputation is founded arc si> imperfect 
that very little reliance can he placed upon the result. 

The most aged as well as the largest trees within 
the liinlls of the United States are, without doubt, the 
.'\rnericun I’lane-iree (^Platainis occidcntalix') in the 
Northern and Western, and the ('yjiTess (TarodzMWi 
diatichtnn of Richard) in the Sontliern State.s. Tha. 
aged trunks of the former are alwavs found decayed in 
the centre, so that their age cannot he ascertained by 
countitig the layers. 

Instances of extreme longevity in the, vegetable king¬ 
dom will not so much snrjzrise us when we learn that 
there is no natural or necessary limit to the duration of 
Exogenous trees; or, in other words, that they never 
die of old age, as do animals, b'ut are always destroyed 
by external agency. 

II. The Endogenous Structure. 

40. The essentia! peculiarities of the Endogenous 
structure were first clearly pointed out by Desfontaines 
in a ylisserlation on lhe»structurc of Monocotyledonous 
(17.5) plants, published in the year 1796, in the first 
volume of the Memoircs de V Institutf. • 

Arborescent Endogenous plants, being confined to 
tropical countries, have afforded to few Jsotanists the 
opportunity of examining them in their native situa¬ 
tions; consequently their structure and growth, though 
apparently more simple than that of Exogenous plants, 
is less perfectly understood. 
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A transverse section of an Endoi'onous trunk pre¬ 
sents a very different appearance fri'iii that of an Oak 
or any otlur Exogenous stem. 'J'here is no hark, 
properly so called ; no conecntric v oody layers; and 
110 central pith ; hut these parts arc ooiifounded with 
one another. The stem ajipears Jo lu^ wholly com¬ 
posed of longitudinal hundles of lihres, Iraversing, 
without a]>i)arent order, a spongv matter; and the 
whole is enclosed within a rind which repia-sents the 
bark. Unlike ttie bark of laxoi;enoiis jdanls, this rind 
has neither liber nor woody lil)re in its composition, 
but wholly consists of indurated cellular tissue, and is 
in.separable from the stem, 

'J'he trunk of a Palm IP’ ) is a tine e.vaniple ol 
this kind of structure. The librou--' bundles, which 
represent the libro vascular svstemT are dis|)osi’d in a 
confu-cd manner thiduithout the spongy matter which 
Ts the eclitdar systim in these plants; but thi' fibres 
arc much more abundant near the circumference than 
towards tlie centre. In the t'ane or Ifattan (another 
variety ol Endogcni ns i lructure) the woodv bundles 
arc very uniformly disposed ihronphout tlie whole 
diameter of the stem. The same arrangement exists 
in the .stems of Smilax rotundifolia, or (Ireen-briar, the 
only Endogenous shrub of the Northern States {fg- 


Fig. 3:t. Fiv. 31. 



34.), rhe stem of Asparagus, of the herbaceous spe¬ 
cies of Srailax, &c., are constituted u|fon the same plan ; 
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but on account of tlie superabundance of cellular tissue, 
the structure is not so rcudily recognised. 'I'hc slen¬ 
der longitudinal fibres of which the vascular and woody 
system of Endogenous steins is wholly composed, con¬ 
sist of ducts or spiral vessels and woody fibre. They 
may be traced as unbroken llireads, from the base of 
the leaves tiirougli the whole length of the stem ; but 
they are never arranged so as to form zbnes or layers 
as in Exogenous trunks. Endogenous steins possess 
neither pit.i as a distinct organ, nor inetlullaiy rays, the 
common cellular tissue of the stem peiforiniiig the office 
of both. They increase in diameter by the succes¬ 
sive addition of new fibro-vascular bundles within 
those earlier formed, which are displaced and forced 
outwardly. From this peculiar mode of growth they 
derive their name, of Endogens, or growers inward¬ 
ly. In Endogenous, stems, conscqueiftly, the oldest 
wood is found next the circumference, and the cen 
tral portion, having fewer and more recently formed 
fibro-vascular bundles, is softest. This is a good cha¬ 
racter for distinguishing such stems from those of Exo¬ 
genous growth, in which the newly-formed or softest 
portion is necessarily next the circumference. 

There is no provision for the growth of the rind of 
Endogenous plants, like that of the bark of Exogens. 
It is, however, capable of distention to a certain extent; 
but when once become indurated, the stem increases 
no further in diameter; the horizontal growth of En¬ 
dogenous plants is therefore necessarily limited. 
Leaving out of view those rare instances in which the 
rind remains soft and capable of unlimited distention. 
Endogenous stems, having grown horizontally with 
great .rapidity to a certain point, do not afterwards 
increase in diameter at all. The trunks of Palms 
and most herbaceous Endogens are jiearly as larffe 
when they first appear as at any subsequent period, 
L&gatnres, or the firm embrace of twining flants, soon 
destroy the life of Exogenous stems by preventing fur¬ 
ther increase in diameter; but they do not affect the 
growth of Endogehs. De Candolle ha* figured a re- 
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markable instance of this kind.* I’lie s])cciinon from 
which the figure was made is preserved in llie Museum 
of Natural History at Paris; it is a portion of a Palm 
which, although surrounded ami enclosed as in a sheath 
by a gigantic climbing stem, altainod to a great height, 
its growth being in no way disturbed. 

in Endogenous, as in all other* i'lowering plants, 
buds arc pro*duced at every node; but iisu;ill\ (espe¬ 
cially in the Palms and arlmreseenl Etidogens) a ter¬ 
minal bud only iS develoited, the stem being imbratiehed, 
and consequently cylindrical. In iliese instiinces the 
lateral buds are latent, and seldom appear unless the 
terminal one be destroyed. If too terminal buds 
develop at the same time, a foiKed stem residts. 
When lateral buds are developed, as in the (ireei;-briar 
{Smilitx roljiiidijolia), (in which <a'-e tin ir :i< tion is 
excited by the destrtiction of the teiminal ones during 
■the cold season,) the branches also are cvlindrical, 
being as large at their extremity as at their base. It 
hap))cns oecusionally, however, owing to cireinnsttinces 
which we cannot here explain, that buds are reguhirly 
produced in theavils of the leaves, in these cases the 
stem loses the cylindrical form and becomes conical, 
like that of an Exogen. Aspartigus is an examjde of 
this kind. ^ 

The life of Endogenous plants, as well as their 
increase in diameter, is limited by the nature of the 
rind and external tissue. When the horizoiittil growth 
of the stem is once stojrpod, the; rind and the outer tis¬ 
sue harden ; the stem, being now incapabh^ of fur¬ 
ther increase in diameter, can only grow in length; 
consequently Endogenous stems arc generally slender. 
But the continual deposition Sf new vascular bundles 
within the unyielding external portion, finally causes 
tfte total solidilication of the stem, which is ultiniatelv 
destroyed as a necessary consequence of its growth. 
In this senfc the life of Endogens may be said to be 


‘ OrganographU, tab. IV. See also, for'a longitudinal view of 
the same trunk, Mirdel, Blem. Pkys. Veg., 1. 19, Jig. i. 
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limited; for unless previously destroyed by external 
causes, they ilie from a cause analogous to dcatli by 
old age in animals. The individual, however, is sel¬ 
dom dcBlroycd; for while the trunk of a Palm is thus 
slowly (lerisliing, the |;reat accumulation of sap in 
the roots causes the development of new shoots from 
the base of ihe stem, which continue the life of the 
individual when the original trunk dies down to the 
hotloui. 

According to this view, the life of iJndogenous trees 
is as truly unlimited as in those of Exogenous growth; 
for Exogenous trunks frequently die at the centre 
while they are growing vigorously at the circumference. 
The Plalanus occidentalis, or Plane-tree, furnishes a 
rcmarkahle and well known illustration of this; the 
oldest trunks are often wholly decayed, excepting a few 
ofthe outer and reeeiitly formed layers, which prolong 
the existence ofthe individual. " 

'^riio internal structure of Etidogenous stems fur¬ 
nishes no ineiins by which their age may be ascertained. 
It has Iteen siiid that in the Palm tribe, the external 
rings indicating the situation of the loaves coincide 
in number with the years the individual has lived. 
Pittle de| endence can be placed upon this circum¬ 
stance, for in many Palms thesg rings disappear after 
a term of years ; and besides, it is far from being cer¬ 
tain that only a single node results from each year’s 
grow’th in these plants. 

In our observations we have taken the trunks of 
Palms ns the type of Endogenous structure; but 
those of the Lily, the Solomon’s-seal, Smilax, &e, are 
entirely similar to these, except that their tissue is soft 
and juiev. To the EntTogenous structure belong also 
a great part of the short subterranean stems, such as 
the cormi of the Tulip and Colchicum,•nearly all bul?s, 
and many rootstocks. 

’ There is also another variety of Endogeffous growth 
which requires notice, the true structure not being 
obvious at first sight; viz.: the stems of grasses, 
which have been stated to be the least endogenous of 
all Endogenous plants. The peculiarity of these stems 
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is, that they arc hollow, except at the nodes, which are 
very compact rings, closing the stem entirely. They 
were, however, originally solid, becoming hollow in 
consequence of rapid growth. In other respects the 
stems of the woody grasses, ^ich as the Bamboo and 
the Cane of the Southern and Western States (Micgia 
macrosperma), do not difler from ifie trunks of Palms. 
It is said tharihcy sometimes again become solid, by 
the constant addition of new internal matter. 

The principaf difl'erenccs between Exogenous and 
Endogenous plants, so far as they depend upon the 
structure of the stem, may be exhibited in this man¬ 
ner: 


F.XOGENODS PLANTS. 

I'ruiik conical, generally brails 
died. •' 

Bark separable from the stem, 
made up of annual layers; in 
old trunks cracked or broken 
into fissures e.’clernally. 

Wood composed td' concentric 
zones, travcr.scd by medullary 
ray.s; with a drstinct central 
pith. 

Stem increases in diameter hy 
the successive addition of hew 
woody layers externally; con- 
.sequeritly the oldest and dens¬ 
est part of the stem is near 
the centre. 

rhirationoUho, trunk indefinite, 
destroyed only by disease and 
external causes. 

Root conical, destitute of pith 
and spiral vessels. 

4 

t 

Native, as trees, in all climates. 


ENDOGENOUS PI.ANTS. 

Truttk usoally simide and eylin- 
dricitl, 

Riail smooth, not made up of 
coneenlnc layers; iu.separa- 
ble from the stem. 

Wood consists of fibrous and 
vascular lumdles, not arrang¬ 
ed m conceatrie layers; no 
distinct pith; no medullary 
rays. 

Sim incrca.scs in diameter by 
the formation of new woody 
Att-ndfes within the okt wooel; 
consequently the oldest and 
densest portion of the stem is 
at the circumference. 

Duralion and increase of the 
trunk conlined within certain 
limits; life terminable from 
the soliditieaiion of its tissue. 

Root eylindiieal, of the same 
structure as the stem ; some¬ 
times furnished with spiral 
vessels. 

Native, as trees, only in hot cli¬ 
mates. 
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3. Or THE Ghowtu or Stems. 

41. The stem, wliirli exists in a riidiinentary stale in 
the seed, is d''Vclo])od and attains its full size by a 
double ijTotvtii, i. e. in l^ngtli and in diameter. When a 
vounjr plant er<>\vs Q'oin a se<'d, or a branch lror»i a bud, 
the stem in tin-lirst place Icnsthens witho^it any marked 
increase in diaineler. The only tissues which are pro¬ 
duced in this upward j;rowlh, art^ the^cellular system 
(34) of the bark and liody of the st<nn, and the medul¬ 
lary sin alli u iih its spiral tcssels. The other elements 
of the stem are afierwards added, and contribute to its 
increase iji di.imeter. 

The stem (lonitaios, not by ils extremity only, but 
ihroualnMil ii~ wimie length, as is proved by marking 
at ecpial and known distances a erowiijg stem The 
same ficl nnv be observed by noticing the distance 
between the nodes, or, which amounts to the same 
thing, of the leaves, of a stem or branch. At first the 
nodes are ebisi Iv approximated, tind the leaves con- 
sc<iu(!ntly ne.iriy touch each other; the elongation 
of the. inlei nodes comnience.s with the lowermost and 
termi iates with tlie uppermost. When the full 
growth for tin; season is attained, the leaves, although 
cousiderably sejearated, ant equidistant as before. But 
if the growth of each internode be carefully noticed, 
we shall observe tliat ils increase in length is princi¬ 
pally owing to the elongation of the lower half The 
growth of a young shoot jirocceds in this manner, 
without interruption, until it has attained its full length 
for the season ; it afierwards undergoes no fufther 
elongation, but its future growth depends upon the 
.prodiKvtion of a Inid ujion its summit, which develops 
.in the same manner as the original stem; this again 
produces buds, which are in their turn 4levelopcd, and 
•thus the stem increases in length from year to year. 
This process is essentially the same both in Exogenous 
and Endogenous plants. It usually happens that some 
of the buds with which the stem is furnished at every 
node also grow and produce branches, the develop¬ 
ment and growth of which is precisely similar to the 
stem from which they originate. 
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42. Increase in diameter is the combined result of 
two distinct kinds of growth, viz.: 1st, t!ie develop¬ 
ment of the cellular system, wliich glows horizontally 
as well as upwardly ; and 2d, the production of woody 
and vascular tissue, which ^rows in a longitudinal 
direction only. The horizontal expansion id' the cel¬ 
lular system is simultaneous with'its grow th in an up¬ 
ward direction ; so that shoots may increase in diame¬ 
ter to a certain extent, at the same time that they 
grow' in lenglll. Plants destitute of a woody system 
increase in diameter as well as in all other directions 
from this cause alone ; but in all Vascular plants, lateral 
growtli is the result both of the production of cellular 
tissue, and the dejiosition of woody (ihre and vessels. 

When the elongation of the young stem is nearly 
complete, the formation of wocd-commences, and its 
deposition, ei'lher in bundles or *laycrs. contiimes dur¬ 
ing the growing season ; to this cause the increase in 
diameter is |)rincipally attributable. 

Concerning the origin of wood, however, and the 
manner in which its deposition is brought about, there 
has been a great diversity' of opinion among botanists. 
In the investigation of the subject it became necessary 
to make repeated observations n])on the stems of trees 
and shrubs, in which,a large quantity of woody tissue 
is deposited from year to year. By far the greater 
part of the observations hitherto undertaken in view of 
this subject have been made upon Exogenous trees; 
to this class, therefore, our attention will be prin¬ 
cipally directed. But it should be premised, that 
no ♦heory of the formation of w<iod is tenable which 
does not explain the growth of Endogenous as well 
as of Exogenous plants. 'The origin of wood i* 
presumed to be the same in both classes, its particular 
mode of arrangement varying with the diversity of 
•tructure. 

The pl&n of this work will not permit us to notice, 
except in the briefest manner, the opinions of the old 
botanists upon this subject. Linnasus believed the 
wood to be produced by the pith, and that new layers 
were added internally to the old wood ; an opinion 
which has been adopted by no succeeding physiologist. 
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Hales supposed the new layers to be a deposition from 
the alburnum of the preceding year. To this view the 
opinions of Malpighi and Grew, the fathers of vegetable 
physiology, were diametrically opposed. They main¬ 
tained that the liber produced each year a net-work of 
vessels, primarily intended for the transrai-sion of the 
sap, which finally became too firm and# rigid for the 
performance of this office, and, adhering to the albur¬ 
num, formed a new layer of wood. liu Hamel made 
some ingenious experiments in illustration of this sub¬ 
ject. lie carefully introduced plates of tinfoil between 
the bark and wood of growing trees; after some years, 
on cutting them across, the new layers of wood were 
found to have been deposited on the outside of the tin- 
foil. These observations led him to adopt, in great 
part, the theory of Malpighi, only that h« supposed the 
inner layer of the liber to be itself every year changed 
directly into wood. Ilis experiments conclusively 
prove that the new layer is not a production of the sur¬ 
face of the old wood; but they do not demonstrate, as 
he supposed, that it originates from the bark. 

Mirbel originally adopted the theory of Du Hamel 
with some modifications of his own. He supposed 
the cambium, (a mucilaginous fluid which is found be¬ 
tween the wood and bark at some seasons) to be the 
real source of vegetable growth : that each annual 
layer of the liber is composed of woody fibre and cel¬ 
lular tissue intermixed, the woody fibre being most 
abundant however on the side next the wood : that the 
liber, being nourished by the cambium, and having 
attained a considerable thickness, separates througHout 
its whole extent into two,portions ; the outer adhering 
to the’bark forming the new layer of liber, while the 

• inner and more fibrous portion uniting with the wuo4 
conslitutes the new layer of that su*bstance. This 

* theory Mirbel afterwards abandoned, liavi’ig satisfied 
hitnscli that the liber never becomes wood. He sub¬ 
stituted a different view,* in which the cambium, 
as before, has an important jdace. This substance. 


BuUelin de la Sociiti PkiUmutOuque, 1816, p. 107. 
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he contends, is not a simple fluid, but an organized 
tissue in the incipient state, which is deposited in 
spring and autumn, and forms a layer l)etween the wood 
and bark. This delicate newly fonned tissue soon 
acquires a firmer consistence, and at b'ngth divides into 
two layers, one of which is added to tlic wood, the 
other to the bari.. 

An iinj)orlant objection may be brought against this 
and all preceding theories upon this saiqect, viz. : that 
they do not explain the fornuitiou of wood in Kndoge- 
noiis plants, which have neither cambium nor liber, iind 
in which the wood is jtroduced in the interior of the 
stem, so that the bark can have no direct agency in its 
formation. 

Mr. ivnight, about tlic sumo time, engaged in a 
series of experiments to deterniitie the origin and miture 
of tlie bark and wood, which greatly elucidated the 
subject, and reduced the inquiry within narrow er limits. 
He ob.scrved that a growing branch will ))eri.sh when 
its leaves are destroyed ; “ if the leaves of the up|)er por¬ 
tion of the branch oi.ly are stripped oil’, the branch will 
die (low'll to the jilacc where the leaves are left, and 
below’ that will flourish.’’ He removed a ring of bark 
from above and below a portion of the stem w liich wu' 
furnished with a singhi leaf, and (diserved that a jier- 
ccptiblc increase took ])lace in the wood below the 
leaf, hot none above that iioinl. Mr. Kniglit ju.stly 
inferred from tlicse observations, that tlie leaves exert 
an iin|)ortanl influence over the inanluc.tioii of w'ood. 
It is also jiroved by repeated observations, that ulien it 
growing bruneb is ginlled by ibc renioviil of a narrow 
ring of bark, the branch will increase sensibly in dia¬ 
meter down to this ring, but *will not at iill inercase 
I^etween (he ring and the leaf next below it. If tlic re¬ 
moved portion tvf bark he narrow , the vacant space soon 
closes by tl^e deposition of new matter to the u|ipei i diic 
of the wound, and afterwards the inferior [lortion of tife 
limb increases in diameter as if nothing Inul happened 
to interrupt its growth. If a ligature he lightly ap])lied 
around a growing stem, the portion'above the’ ligature 
swells, that below docs not. The pressure of twining 
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plants not unfrcqucntly produces strange distortions in 
growing Kxogrinius stems, and unless the ligatures are 
rcHiovt'd such stems are linaliy killed, t rom these and 
similar tacts we may safely inter, that the matter of 
which wood is formed, t^iginates in the leaves and is 
sent downwards. 

It is w<dl esiahlisncd, moreover, that the diameter of 
a stem dejxnids very much upon the rnfmher ol leaf- 
buds it bears ; the larger the number of these de- 
velop<'d upon a branch or stem, the greater will be 
its diameter, and, the more raj)id its increase. Wood 
is formed also most abundantly upon that side of 
the stem which develops the greatest number of leaf- 
buds. 

These facts being admitted, the theories of the pro- 
dnctioi- of wood aie reduced to two, between which 
botanists are at presojit pretty equally divided. One 
view is, “ that wood is organized matter sent directly 
downwards from the leaves and buds ; ” the other, that 
wood is produced from organized matter elaborated in 
the leaves, descending by a returning circulation 
into the liber and alburnum, and thence deposited 
between the two in the form of new wood ami bark. 
Acconling to the first view the cambium is elabo¬ 
rated sa]) transmitted through the liber, serving to 
nourish the descending fibres. According to the se¬ 
cond theory, w Inch, it will be observed, is that of Mir- 
bcl with some modifications, the cambium is itself an 
orgaiiizahle sulistiiiicc, which cither originates or re¬ 
sults in new wood. This theory is advocated by 
many botanists of the highest order, among whom 
are Mirhel, Desfontaines, and De Candolle, ai.d the 
Tyincipal circumstances •relating to the growth of 
Exogenous plants may be well explained by it. The 
most serious objection to it, as a univer^l theory, half 
,been already adverted to, viz.: that it does not account 
for the growth of Endogenous plants. The* essential 
cause ol the production of wood is undoubtedly the 
same in all Vascular plants; cambium only exists in 
one division of VasCular plants, and therefore cannot 
6 
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be justly assumed as the essential cause of the forma¬ 
tion of wood. 

The former theory, viz.: that woody fibre descends 
directly from the buds and bases of the leaves, has in 
this respect an important advantage, inusinuch as it 
explains, with equal readiness, the j>roducliou of the 
fibro-vascular system both in Exdgt noiis and Endoge¬ 
nous plants. ■ It was advanced by Dii Pelit-l’houars, an 
ingenious vegetable physiologist, who possessed unu¬ 
sually favorab’re opportunities for investigating the 
growth of the arborescent Eudogens during a residence 
of several years in the Isle of France. 

“ The attention of Du Petit-Tliouars appears to have 
been first especially called to the real origin of wood 
by having remarked, in the Isle of France, that the 
branches which are emitted by the,truncheons of Dra- 
ceena (with which hedges are foj-nied in that colony) 
root between the rind and the old wood, forming rays 
of which the axis of the new shoot is the centre. 
These rays surround the old stem; the lower ones at 
once elongate greatly towards the earth, and the 
upper ones gradually acquire the same direction ; so 
that at last, as they become disentangled from each 
other, the whole of them pass downwards to the soil. 
Reflecting upon this curious fact, and upon a multi¬ 
tude of others which' I have no space to detail, he 
arrived at the conclusion that it is not merely in the 
property of increasing the species that buds agree with 
seeds, but that they emit roots in like manner; and 
that the wood and liber are both formed by the down¬ 
ward descent of bud-roots, at first nourished by the 
moisture of the cambium, and finally imbedded in the 
cellular tissue which is the result of the organization o> 
that secretion. That first tendency of the embryo, 
when it has disengaged itself from the seed, to send 
roots downwards and a stem and leaves upwards, anc 
to form buds in the axils of the latter, is in like manner 
possessed by the buds themselves; so that plants 
increase in size by the endless repetition of the same 
phenomenon. • 

» Hence a plant is formed of multitudes of buds or 
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fixed embryos, each of which has aa independent life 
and aclioti; liy its elongation ii])ward8 forming new 
branches and continuing itself, and by its elongation 
downwards foi iniiiff wood and bark ; which is, there¬ 
fore, in Du I’l (it-TliouaTs’ opinion, a mass of roots.” 

'I'his origin 'I and highl}' ingenious theory at first 
met wilh feu snpjiorUrs, Of late it has excited con¬ 
siderable atte ilion, and, with sonic inolfifications, has 
been udopted by several eminent botanists. It is very 
alily defeinled liy I’rof Lindley-in his Introduction to 
llolany, (IVo ■ which liic above extract has been 
taken,) and in his other botanical works. To ob¬ 
tain correct views on this subject, it should be borne 
in mind that onlv one of the two .“vstenis w’hich com¬ 


pose the stem is sup|)osod, according to this view', to 
originaio at the lewfbuds: ?. c. the tibro-vascular sys¬ 
tem, which is capable of longitiulinar growth only. 
Its elongation upwarils |iroduces the medullary sheath, 
the carlic.st-formcd portion of that system either in a 
branch or in the original stem as it develops from the 
seed. its downward oxtensioti produces wood; a 
portion of tlic descending fibres also attacliing them¬ 
selves to the hber, give the bark a somewhat fibrous 


structure. Meanwhile the cellular system continues its 
horizontal growth, forming the matrix in which the 
fibro-vasciilar portion is imbedded. These two com¬ 
ponents of the stem, the one growing vertically and 
the other horizontally, cross each other at right angles ; 
and the trunk has been quaintly but not inaptly com¬ 
pared to a piece of cloth ; the cellular system repre¬ 
senting the woof, and the fibro vascular system., the 
warp. 1 he descending juices of the plant and the 
.tambi.mn doubtless furnftili the material for the lateral 

system as well aa nourishment 
lor the descending fibres. „ • 

By assuming this view Prof. LindleV has been able 
to obviate nearly all the objections that^have been 
brought against the theory of Du Petit-Thouars as 
appliwble to the growth of Exogenous plants. 

in Endogenous %teras the bundles which compose 

into^1!*e tlistinctly traced quite 

mto the leaves, so as to render this theory even K 
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plausible ill these than in the Kxo^enons division. 
Here the new fibrous bundles cannot lie said to be a 
deposition IVoiii the bark, since they are formed in the 
centre of the trunk. Moreover, in some K.xofjenous 
stems the wood does not form fennlar circles all around 
the trunk ; someliines it is nearly all deposited upon 
one side, or along certain lines. In some iiislanres the 
woody fibres *aie curiously interlaced, crossing each 
other di.igonally so as to form a kind of lozi nae-work. 
These circumst.tnces aie nnacconnted for by the theory 
of .Mirbel and He Candolle, but are readilt e.xid,lined 
by that of Dn I’elil-'l'honars and l.iiidley. 

Several objections have, however, been brought 
against the latter theory nhich have not heen satisfac¬ 
torily answered, as in the following case. 

If we graft a ring of hark of the l?luia-tiee, destitute 
of buds, upon tiie trunk of an Almond, the new bark will 
adhere to the old wood, and the tree will grow as if 
nothing had hajipened. After a year or tw o. if we cut 
ofl' the trunk at this [ilace, we find under the ring of 
Plum-treo bark a quantity of wood, which has all the 
characters of that of the Plum-tree and not of the 
Almond. Now, according to the theorv of Du Petit- 
Thouar.i, this wood is the jirodiice of the le.ives and 
buds of the Almond-tree, and ought, if the theory be 
true, to be the same as the wood ahove and beiow it, 
which clearly it is not. 'J'he only plausible answer in 
this case is, that the wood is really that of the Almond 
throiighonl so far as the tihro vascular system is con¬ 
cerned, hut that its cidor, grain, &.c. are derived from 
the medullary rays whii h ..re funii.-hed hy the baik of 
the PlniH-trce. This answ'er, howevi'r, rests upon a 
gratuitous assumption, and is not quite so convincing 
as could be wished. 

•We adduce quo other instance whiih Mirhel has 
brought to bear against this theory with much iiigi i.nity. 
We transla*c from the article Voiir/ifs- Lt^iicii.-.rs and 
Couches Corticales \i\ the Cours rf’Ag';vcw//ecc, pub¬ 
lished during the past summer. “ Suppose,” sajs Mir¬ 
bel, “that a scion of Robiiiia iiiernihi had lici'ii grafted 
for a long time, say 30 years, uimn a young stem of 

|pbinia Pseudacacia, or common Locust, cut oil'six or 
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eight feet from the ground. Accorefing to the system 
(of Du Petit-T'houars), rvliat has taken place during 
llio 30 leans which have elapsed since the graft¬ 
ing? 'I’iic buds of Robinia ineritiis have each year 
sent out roots, which, •under the form of a layer 
of wood, lune insinuated themselves between the 
wood and the baTk of tiie Robinia Pseudacacia, 
e-vlciidiiig ((iiito to ihe earlh. 'rhus *tlie trunk has 
f ucccssivtdy ac'juircd 3(1 layers of the wood of Robi 
Ilia inerinis ince they have been jiroduced by the 
buds o( that spi-cies; and the.sc layers one after the 
other are divided in (In' soil, and sfiread in the form of 
roots, which .ire also those of Jdobinia inerinis. Now 
i( we cause these roots to develop buds, and thus form 
new stems, w;- should, according to thi.s tlieory, obtain 
stems of K'ohiuia iiicrmi.--. Mutiti fact, these rooU give 
lise to .stt iiw of Rpbinia P.seiidacacia; and, eonsc- 
lue.nlly, their speeifie organizilion is that which is 
(iroper to the latter species. As these roots are nothing 
more llian piolongalions of the vertical and woodv 
layers of the trunk, ilie latter must also belong to 
to Robnua Pseudaeacia. It is here evidctit that 
neither the roots of the free nor the wood and bark of 
lUrlrnnkongmalcd from the buds of Robinia itmrmis.’' 

Iftnvcverplaustble, thcrefoic, the theory of Du Petit- 
1 houars may be, it caiuiot yet‘bo considered as esta- 
blishod, but IS liable to several strong and. up to this 
time, unanswered objections ; nor, while there is es- 
eiiiidl agreement as to the manner in which the stem 
grows, IS It of much practical importance to ascertai^ 
the exact origin of the woody fibres. 

.- . Sect. IV.. Of Lraf-Buds. 

and the stem) ®‘ ‘t® upper side, 


6* 
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the plant ; consequently their normal situation is at 
the nodes. The term hud is enij)]o\ed with some 
ambiguity in the works of Liiitueus. Soiiietinies it is 
used for the rudiment of the young shoot with its en¬ 
velopes, and sometimes for tliese cnrelopes only. It 
is here uniformly employed in the first sense. 

'J'he principal facts concerning the nature of buds, 
and their office in connection with the inrrease of the 
stem, have in part been anlicijialed in the jireceding 
section. • 

In Exogenous plants the buds originate in the pith 
and grow towards the surface. In their progress they 
carry along a portion of lln^ medullary sheath, and 
when they reach the bark acquire a coating of cor¬ 
tical integument. Thus their structure is similar to 
that of the stem from which they arise; i. r. they have 
pith in the ceiutrc, surrounded by a medullary sheath, 
and over all a coating of cellular integument. When 
a single bud stands on the summit of a stem or branch, 
it is said to be terminal; when several ap|>ear along 
its sides in the axils of the leaves, they are said to be 
lateral or axillary* 

The oiigin of buds in Endogenous stems has not 
been well observed; no doubt they arise from the 
spongy cellular matter which represents the ])ith in 
these plants. • 

When buds make their appearance externally, they 
cither shoot at once into a branch, or remain for some 
time dormant : in the latter case they are usually pro¬ 
vided with a covering of scales; in the former, they 
are naked or destitute of scaly coverings. All herba¬ 
ceous plants, and most trees and shrubs of hot climates, 
have naked buds. Scaly buds exist in nearly all the 
trees and shrubs of this country; they appear at the” 
time when vegetation is in its greatest v'gor ; i. e. dur¬ 
ing the summer, and remaining stationary during the 
winter, arctdeveloped in the ensuing spring. 

43. The coverings of buds consist of abortive scale- 

♦ A terminal bud, strictly con'-idered, being only the growing 
extremity of the old branch, originating in the axil, it may be said 
that all buds are axillary. 
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like leaves, lying compactly over each other in seve¬ 
ral rows. I'hcir nature is evident from tl)c gradual 
transitioti into true leaves which is seen in the full- 
grown l)uils of several trees, especially in the. Horse- 
chestnut trihe. Tlie outtfrinost scales of the buds of the 
Ilorstecliestnut, or the Buck-eye (jflisciilus Pavia), arc 
short, hard, and dry*; tliosc of the next row are more 
delicate; the inner .series are still mors* mcinhranous 
and slender, some of these bear at their sumtnits the 
rudiments of leallets and are intern,ediate between 
scales and true leaves. Scaly btids have received seve¬ 
ral names according to the nature of their teguments ; 
thus they are said to be 

1. Fo/iaccoii.s-, whcti the scales consist of the laminat 
(.'52) of leaves in an imperfeclly-forrned state ; 

2. Pelid/acconft, when they are formed of the dilated 
base of petioles (52^, ^s in the Ash, and the I lorse-chest- 
ntil just rct'erred to ; 

3. iStipiilacvo'i/s, when they consist of stipules (02) 
only. Of such buds two kinds may be distinguished; 
1st. in which the scales are stipules rolled together, 
enveloping the bud in the ordii,ary manner, as in the 
Beech, the Birch, and all Amentacea;; and 2d. where 
each leaf is encl(».sed within a stipule, as in the Tulip- 
tree (1 A ridden dr on tulipifera) and all other hlagno- 
liacea;. The latter arc at once (Wstingiiishable by their 
remarkably elongated form. Lastly buds are, 

4. Vvh-raccous, when their teguments arc composed 
of petioles and a pair of stipules grown together, as in 
the Plum-tree and other Rosacea;; such scales are fre¬ 
quently thrce-lobed. 

Scales evidently serve for the protection of the Dud 
against humidity and sudden changes of temperature. 
TTiat rtiey may effectually perform this office, the scales 

• closely envelop each other and are sometimes arrangeil 
in an imbricated manner. They arc often coated with 

* ajresinous varnish, which renders them perfe«tly imper¬ 
meable to water {Ex. Walnut, Horse-chestnut, the 
Balm-of-Gilead, Poplar, &c.). An additional provision 
against changes of temperature is not unfrequently 
afforded by a thick mass of wool or down which sur¬ 
rounds the bud {Ex. Horse-chestnut, Willow). 

\ 
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The naked buds of Sniitax rotundifolia are sur¬ 
rounded and protected durinij the winter by the dilated 
and persistent base of the ])eliolc of the old leaf; this 
substitute for scales, having fulfilled it.s use, falls avtaj 
in the spring. • 

Some sealy buds are similarly jirotccted during 
their growth. A very curious instance of this kind 
mav be seen* in the. American l^lane tree (1‘latcrivs 
nc.cii^cnlalis). In this tree we seek in vain for the 
buds ill tlicir ordinary .situation at liie axils of the 
leaves; they are concealed witliin the swollen base ol 
the jirtinle, which dilates into a little cup fortherecej) 
tioii of tiie bed, perli cily enclosing it until the fall of 
Iliehaf 'fhe same coiilrivaiice may be observed in 
Virgilia Intea, a fine free growing in the Western 
istatea, and also in the eonimon Loeysl (ttah/'iiui Pt^cud 
acacia). * . 

41 Ijeafbuds are < f two kiiui.-, the regular and the 
(I'ircn'liiiova. IJegidar leaf-buds are produced in tht 
axils of all l< aves. SomctiiiK s two or more hods exist 
in the same axil, as in the I’eacli-tree , hut this is ol 
uncommon e.cc u rre:, e e. 

The complete develoinnent of a bud ])roduces a 
brancli; conseiiue.nlly the mode in which a .stem 
branches depends upon the arrangement of its buds, 
and the arrangement of the buds is governed by the 
disposition of the leaves. 'I’lnis alternate-leaved (60) 
stems have alternate branches, and opposite-leaved (CO) 
stems opposite branches. 'J’hcir symmetry, however, 
is continually destroyed by the non-development or 
sul>aequent destruction of buds, since it seldom hap¬ 
pens that all the buds of a stem grow into branches. 

We often find three buds sipon the summit of the 
stem of an opposite-leaved plant, viz.: a terminal buB 
«nd one in the,axil of each leaf. As the terminal bud ' 
merely continues the original stem, its growth does not 
alter the arrangement of the branches. But these three ' 
buds seldom grow at the same time. Sometimes the 
lateral buds are obliterated and the terminal one con¬ 
tinues the stem, as in the Horse-chestnut. Sometimes 
the terminal bud perishes and the lateral ones grow, 
when the branches become two-forked, as in the Lilac. 
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Altornatc-lcaved plants exhibit the same diversity. 
Wlieii both llio terminal liud and tliat of the axil of the 
upponiiost l(?ar grow at tlie same time, two-forked 
braneht's re.sult. But often the terminal bud alone 
grows .ind conliniu’s the Stem, a.s in the Peaeh and the 
Apple-tree: s(tinetiniis the terminal bud perishes and 
me lateral one eonlinucs the stem, as in Tilia, the 
Apricot, &c • 

4.0. When buds make their appearance from any 
other |)art than the nodes, they arc idrnied adrcnti- 
tionn, irrt’friilar, or ahiioriiial bulls. These are not of 
very common occurrence, and the cause of their pro¬ 
duction is unknown, yet they are continually a])]>earing 
from the root and on the trunk of some trees, such as 
the Poplar. Every organ provided with vesschs and 
fibre seems to barw! the power of producing such 
buds; in several in.%tances they are found arising 
from the stirface or margin of leaves (£x. Bryo- 
phyllum). 

40. AVhen the extension of a leaf-bud is checked 
during its devidopment, it Inardens and becomes sharp- 
pointed, forming a spine or thor7i. Spines, therefore, 
are impcrfectly-forined branches, and are very differ¬ 
ent from (irickies (20) ; the wild Thorn and the culti¬ 
vated Hawthorn exhibit all the gradations between 
spines and branches. Spines, tteing furnished with 
rudimentary buds, often disapjtear in cultivated plants, 
being changed into true branches (Jdx. the f’ear and 
the Apple-tree). The spines of the Barberry are 
transformed leaves. 

Tarions are the young scaly shoots which arisen 
the spring from the neck or rhizoma of herbaceous 
perennial plants; they tKffer from ordinary leaf buds 
only in their subterranean origin {Ex. the early shoots 
‘of Asparagus). , • 

Bulbs are leaf-bnds provided with a covering of 
floshy or membranous scales, and situated«upon the 
summit of an extremelv short subterranean stem ; their 
relation to stems has already been considered (32). 

47. Ijoaf-buds in ftiany re.spects resemble seeds ; both 
containihg a rudimentary plant, or germ, capable of 
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{growth in two opposite directions; und both serve 
for the reproduction of plants. Buds, however, are the 
necessary re.sult of the growth of a stem ; seeds arc 
only produced by the agency ol llower.s : buds perpett!- 
ate the individual: seeds confinue the species. 

Jinds usually perpetuate; the individual by nicaiis o£^ 
ruiiiicrs, olisets bulbs (32), «c. By laeilitating 

these naturuP operations we are enabled to nuiltijily 
favorile varieties or individuals to any extent ; by these 
means alone e*in varictic-s be pcrjnluated, tor seeds 
continue tlie species oiil;,'. 

Cultivators oini)loy seveial methods for the inrreasc 
ofindividuais, viz. : Ist by division ; cuttings o( steins 
furnished with vigorous buds, being' made to take root 
and grow l>y lliem.selves. I’he. AVillow, Vine, and all 
stems that readily form adventitious roots, may be 
propagated iif this manner. 2(l» by budding, ’.\bieh 
consists in transferring the. buds of a jdaiit to the stem 
of a gimiia.- er nearly-related species. The bud, with 
a piece of the bark aitaebed, is removed from the parent 
plant and carefully fitted to the wood of the stock, so 
that it freely re.-eive.s the aseetidiiig saj). The bud soon 
adheres firmly, and grows like the original buds of the 
tree. 3(1. by grafting, which is jicrformed, as is well 
known, by several modes. It essentially consists in 
causing a branch, furnished with one or more active 
buds, to grow upon the stem of another plant. We 
only succeed in this, when the scion and the stock be¬ 
long to the same or nearly-allied species. 

48. The manner in which the young leaves arc folded 
ainJ. jiacked together in the hud is called the vernation, 
or prafoliation. Their arrangement is highly curious, 
and is perfectly uniform in alt the buds of a given ajie- 
cics. The principal forms of vernation are : 

'• 1st. The apgressed ; when the leaves are applied to 
each other face to face without being folded or rolled 
together {^g. 35, cr.). 

2d. The opposite (or imbricate) ; when the leaves are 
placed in pairs at right angles to each other and half- 
lolded, so that the outer pairs encloSe the inner ones, as 
in the Lilac {fig. 35, 5.). 
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3d. The equitant; when alternate leaves are folded 
lengthwise, and overlap each other longitudinally at 
the margins. J^x. Iris (jig. 35, c.). 

4th. The hal f-e.quiiant, (obvolute Lindl.); when one 
of the margins of each leaf is exterior and the other 
interior. Ex. Sage (Jig. 35, d.). 

5th. The coudupticatc; when the leaves are folded 
inwardly upon themselves, and placed side by side, as 
in the Hose (jg. 35, c.). 

6th. The plicate, or plaited; when they are folded 
several times like the plaits of a closed fan. Ex. the 
Vine (jig. 35,/.). 

7th. The innolvte; when the edges of the leaves arc 
spirally rolled inwards; as in the Violet (jig. 25, g.). 
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one of its edges, as in the common cultivated Cherry 
(jig. 35, /.). 

10th. The circinate; when it is rolled spirally from 
the apex downwards, as in the Sundew (Droscra) (fg- 
35. L). 


Sect. V. Of Leaves. 

49. The foliage consists of numerous appendages of 
the stem and branches, of an expanded form and infi¬ 
nitely varied outline, bearing the name of leaves. 
Leaves arc the principal organs of vegetable nutrition: 
they receive the ascending sap, the superfluous fluid 
portion is here dissipated by evaporation, and the 
remainder under the influence of light and air under¬ 
goes certain important changes. .This process, which 
is in part analogous to the respiration of animals, will 
be the subject of future consideration. 

All Flowering plants arc provided with leaves at 
some period of their existence; and when they disappear, 
as in the Prickly-pear, the green cellular integument of 
the stem assuming a more leaf-like structure takes their 
place. There are a few plants destitute of leaves or 
furnished with scales only, in which the surface of the 
stem does not become green, being therefore incapable 
of performing the functions of leaves. Such plants, 
however, are mostly, perhaps always, parasitic ; that 
is, their roots affix themselves to the stems of other 
leafy vegetables (Ex. the Dodder), or to their roots 
(Ex. Monotropa, Orobanche, and Epiphegus or Beech- 
drops), and drawing their nourishment from the juices 
of these plants, they have no need of leaves. 

The rudiments of leaves may be seen in the bud al,an 
early period, in the form of minute scales ; they grow 
^s the bud enlarges and attain their full size after its 
development into a branch. At first the leaf is con¬ 
tinuous with the stem, but after some time a joint cr 
articulation is formed with the stem. When the joint 
is perfected, the leaf falls oflf! 

Leaves are so placed upon the stem that one surface 
is presented to the sky and the other to the earth. If 
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their direction be interfered with, or altered by the 
drooping of the branches, as in the Weeping Willow, 
they soon return to their original position by twisting 
their footstalks. 'I'he two surfaces of the leaf are very 
seldom exactly alike; flie upper surface is usually 
smoother and lias a deeper giccn color. 

50, The structure of leaves is more complex than 
is generally supposed; their organization is highly 
curious and admirably adapted to the purposes for 
which they were creafed. Being thin and expanded 
portions of the stem, they arc, like that organ, composed 
of two systems, viz.; a cellular system, which is an 
expansion of the cellular integument; and a fibro-vas- 
cular system, which arises from the medullary sheath 
and is prolonged into the cellular exjiansion, throughout 
which it branches,* jiroducing what is ajijiropriately 
termed the skeleton er frame-work of file leaf. The 
whole is invested by a cuticle, a continuation of that 
which covers the stem. 

A good idea of the structure of a leaf will be 
obtained by conceiving it to arise from the protrusion 
of a portion of the medullary sheath (or in Endogens 
of one or more vascular bundles) into the bark ; which, 
at this early jieriod, wholly consists of cellular integu¬ 
ment invested by the cuticle. T^e continued extension 
of the fibrous portion, pushes outwardly^ the fold of 
bark in which it had been insinuated ; at length the 
fibres diverge from each other in a horizontal direction, 
and carrying the cellular system with them produce 
the flat and dilated figure of the leaf. The leaf, there¬ 
fore, if our supposition be accurate, consists of an upper 
and lower stratum of cellular integument, and a double 
frarrre-tyork of fibres. The two strata, however, are 
usually intimately and Inseparably united; but when 
the cellular portion is destroyed by k>ng-continued ‘ 
maceration in water, (as may sometimes be observed in 
leaves which have lain during the winter in a ditch,) 
the frame-work may often be separated into two layers. 
In some curious East Indian leaves, it is said, the con¬ 
nection is so slight “*that they open with a little violence 
7 
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like the leg of a silk stocking, so that the hand may be 
thrust between their upper and lower surfaces.” 

The frame-work, like the medullary sheath from 
which it proceeds, consists of. numerous spiral vessels 
surrounded on every side by woody fibre. At the base 
of the leaf these vessels all lie side by side in a bundle 
Within the leaf they divide into several smaller bundles, 
which ramify in like manner, and llie division proceeds 
until each vessel is separated from those which accom¬ 
pany it, and is wholly surrounded by cellular tissue; 
then, turning back upon themselves they converge pre¬ 
cisely in the same order, forming larger and fewer 
bundles until they again meet in a single bundle at the 
base of the leaf. It is commonly thought that the upper 
layer of vessels conducts the a.sccmling .sap into the 
leaf, while the lower one returns the elaborated sap 
into the bark." This opinion is very probable, but is 
not founded upon positive evidence. 

The bundles of vessels which compo.se the frame¬ 
work of the leaf are called vei/is, and sometimes ribs. 

They have als(.> been called nerves 
or nervures, which arc decidedly im¬ 
proper appellations "J’here is com- 
monl}' a principal vein, apparently a 
coujinuation of the Icaf-slalk, which 
passc.s along the centre of the leaf, 
from one end to the other, sending oil' 
branches in its course: this is termed 
the midrib {Jiff- 30.). The branches 
that arise directly from the midrib 
are called primary veins ; the 
branches of the latter arc second¬ 
ary veins; 'and the slender ramifica¬ 
tions are called vcinlets. 

51. The cellular system of the leaf, which De Can¬ 
dolle term/* the mesophylle, is usually called the paren¬ 
chyma. It accompanies the fibro-vascular system 
throughout, filling up the interstices of its ramifica¬ 
tions. Its cellules contain a greep substance (5, 81), 
upon which the color of leaves depends. When the 
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parenchyma is excessively abundant,* the leaves be¬ 
come succulent, as in the Ice-plant. When, on the 
contrary. It is sparing in quantity, tlie leaves are thin 
and 7ncmbranaceous. In the abortive leaves which 
form the covering of huTls, there is often an apparenii 
snp[)rcssion of parenchynia, and even of veins. 

The cuticle (15), which encloses the parenchyma and 
adl)crcs to it more or !c.ss firmly, is a •colorless and 
transparent membrane, composed of one or several 
laj’ors of r< llnles, either llattened together or filled with 
air. It is furnished with breathing-pores, which arc 
commonly mo.st abundant on the lower surface of the 
leaf. In erect leaves, like those of the Iris, they arc 
equally numerous on both surfaces. The structure of 
the cuticle, as well as the arrangement of the. breathing- 
pores, is perfectly luiiform in all individuals of the same 
sjiccics. • * 

The parenchyma of the leaf exhibits to the naked 
e} o the ajipearance of green pulp, destitute of regular 
arrangement; hut “ if thin slices be viewed with a high 
magnifying power, it will be seen that nothing can he 
more perfect than the plan upon which the whole struc¬ 
ture is contrived, and that, instead of disorder, the 
most tvise order pervades the whole.” The stratum 
which belongs to the upper surfa^ce is usually composed 

of three or four lay¬ 
ers of oblong cel¬ 
lules, very compact¬ 
ly arranged with 
their longest diame¬ 
ter pcrpcndicnlar:,to 
the surface. Those 
of which the lower 
portion of the leaf consists are also oblong, but are 
placed parallel with the cuticle, and a»e very looselj* 
arranged, forming a kind of net-work and leaving nu¬ 
merous empty spaces, which communicate with the 

* “ Any part in which there is an unusual degree of cellular 
development, is said k/* be in a state of anamorpkosis." — Lindley, 
OtUlines of Botan/p, Art. 48. 


h'ig 37. 
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breathing-pores, and of course contain air. This is the 
usual structure of the leaves of trees. £x. the Apple- 
tree 37.). The deeper tint which the upper sur¬ 
face of most leaves presents is duo to the greater com¬ 
pactness of its cellules. This structure is well adapted 
to restrain the excessive evaporation^which would other¬ 
wise take place from the upper surface, on account of its 
direct exposure to the sun. At the same time it is fitted 
for the performance of a kind of vegetable digestion 
(74). Evaporation (7.5) and respiration (7G, 77) arc, it 
would seem, principally carried on by the parenchyma 
of the lower surface. 

There are some plants whose leaves float upon the 
water and only e.xpose their upper surlacc to the air 
{JEx. the Water-lily). In these cases evaporation and 
respiration cannot go on from the Jower surface, and 
accordingly the structure of the leaf is reversed, the 
breathing-pores and the cavernous parenchyma belong 
to the upper surface, and the lovver portion is compact. 
In leaves which are habitually under water the cuticle 
docs not exist, and the air-cavities are just sufficiently 
numerous to render them buoyant. 

Ill leaves like those of the Iris, where both surfaces 
are equally exposed to the light, the parenchyma is 
wholly compact, except at the breathing-pores, where 
air-cavities exist. 

52. A leaf ordinarily consists of two parts, viz.; the 
expanded portion, to which the name is usually applied, 
and its little stalk or support. The former, when se¬ 
parately spoken of, is called the limb or lamina {fig. 
36,*a.) ; the latter is termed the petiole, and sometimes 
ihe footstalk or leafstalk {fig. 30, h.). 

When leaves are jirovided with a foot-stalk tb-ey 
are said to be pctiolcd: when, as often happens, the 
frame-work spreads immediately on leaving the stem, 
there is no foot-stalk and the leaf is said to be sessile. 

The angle which the leaf makes with the stem is 
called its axilla or axil. The end of the lamina next 
the stem or petiole is termed its bjise; the opposite 
extremity is the apex; and the line which represents its 
outline, the margin or circumscription. 
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A leaf is either simple or compound. It is simple 
when the lamina consists of a single piece, whatever 
may be the degree or manner in which it is cleft or 
divided. Thus, the examples given urider^^g-. 45 and/g-. 
46 all represeni simple Iravcs, notwithstanding the great 
diversity of outline which they exhibit. Where the 
lamina is dcejdy lT)bed or cleft, as in several of these 
exainple.s, the leaf is saiii to be dividcd% the divisions 
in sucii cases being technically called segments. These 
forms, howevei', iiiiist not be confouhded with com¬ 
pound leaves, as tin y universally have been until within 
a coinj)aralivt ]y recent period. 

A com /.on lid leaf (/ig. 49, b ) consists of several parts 
or secoridai'v lamina;, each of which is articulated with 
the common ]>etiole, in (be same manner as the latter is 
connected with the stein. The separate portions of a 
compound leaf are distinguished as folielcs or leaflets; 
and the.se again may exhibit every diversity of outline 
observable in siinjile leaves. It is necessary that this 
riew of the distinction between simple and compound 
leaves should constantly be borne in mind, since a genus 
w ith .sim])le leaves scarcely if ever exhibits an instance 
of a truly compound leaf, thus naturally confirming this 
view of the case. 

53. The shape of the lamina of the leaf, which is 
almost infinitely varied, furnishes excellent characters 
for distinguishing sjiecies from each other. Although 
its various forms have been described in all elementary 
works from the time of Linnaeus to the present, no 
attempt had been made to explain the cause of these 
diversities until the subject was investigated by J9e 
Candolle.* He found that the shape and outline of 
leaves depend almost crrtircly upon the arrangement of 
their fibro-vascular jiortion or frame-work. The distri¬ 
bution of veins in the leaf had been very^Iightly noticeeV 
bj' the old botanists. Linnteus distinguished but two 
modifications of venation, viz. : 1st. where the veins 
diverge from the midrib, and branch over the leaf,—this 
he called a veined leaf; and 2d. where the veins all 


Flore Fran^aise, and Organographie Vegetate, I. p. 289. 
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spring from the base of the leaf, and run to its apex,—a 
leaf with this arrangement of its veins was said to be 
nerved. Here the same organs receive in one case the 
name of veins, and in another ,that of nerves. 

De Candolle contrived a very ingenious classifica¬ 
tion of leaves according to the cUstribution of their 
veins: a more recent and somewhat simpler arrange¬ 
ment has been given by Prof. Lindley. We adopt the 
primary divisions of the latter author. 

There are three principal inodes in the distribution 
of veins, to which all leaves may be referred, viz.; the 
Fork-veined, the Reticulated or Netted-veined, and the 
Parallel-veined. 

1st. ForT{-vcincd\ca.ves arc those in which the veins, 
arising from the midrib, are once or twice forked [jig. 
38.), the branches pas.sing directly to the margin, with¬ 
out uniting with each other, or forming a net-work. 
This kind of vciuing is peculiar to the Ferns, a tribe of 
Flowerless plants, bulls not universal in these, several 
species having beautifully reticulated veins. In Exo¬ 
genous plants a near approach to this kind of veiningis 
seen in the leaves of Clover. 

Fig.-38. Fisr. 39. 



2d. ^ Reticulated or Netted-veined leaves (feuilles 
angulinerves, De Candolle) result from the continual 
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branching of the veins, the ramifications of which, 
uniting with each other, form a net-work over the 
wliole surface of the leaf {fig- 36, and 39, a, h.). These 
are the veined leaves of,Linn£eus. They are charac¬ 
teristic, with few exceptions, of Exogenous plants ; thus 
furnishing the studept, in most cases, with the readiest 
means of at once distinguishing a plant of that division. 

3d. Parallel-veined leaves are those theVeins of which 
procccd,witliout branching, from 
tJieirorigin atihc base or midrib, 
to their lerniination at the apex or 
margiii of tlic leaf(^^. 40, a, h.). 
Tlie veins in .such leaves are 
connected by niinule veinlets, 
which i)ass at right angles from 
one to llie other. Tliese arc the 
/;c/ t ed leaves of*Liima'an bo¬ 
tanists. The leaves of all En- 
dogonoiis ))]anl.s, a few cases 
e.veei)tcd, are parallel-veined. 
Thus the two great divisions of 
Flowering plants may be distin- 
a It guished by the veinitig o.f their 

leaves. 

We return to the consideratio 4 of reticulated leaves, 
of which two modifications are distinguished, viz.: the 
feather-veined and the radiated. 

1st. The Feather-veined form (fcuilles penninerves, 
Dc Candolle) results whenever there is a midrib, from 
which the primary veins diverge like the plume of a 
feather. The leaves of the Chestnut {fig. 39, a.), a»d 
all trees of the same tribe, are good examples of this 
kind. , 

The shape of feather-veined leaves chiefly depends 
on the direction and relative length of the primary* 
.veins. In the Chestnut they pass in a straight line to 
the margin of the leaf, and are directed forwards so as 
to make an acute angle with the midrib; such leaves 
are usually considerably elongated. 

When the primary veins are short and all of the 
same length, the leaf assumes a linear shape {fig. 4!, 
a.); if the middle veins are longer than those of the base 
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or apex, the leaf becomes oval or oblong (fig- 41, b.). 
If the veins next the base are longest, and especially if 


Fig. 11. 
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they eiir\c forwards towards therr oxti('mitic.i, the tnii- 
line of the leaf will be. orate (fig- 41. c.) ; and if on (h(; 
other hand, the vtdiis beyond the middle are longest, it 
will be ohorate (fig. 41, d.). 


Fig. li!. 



a b 


Sometimes the veins that originate next the base of 
the leaf are nearly as large as the midrib itself 42, 
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t>,); these prominent veins, which also pass towards 
ihe a])cx, giving ofl'brandies in their course, arc called 
rihn ; and such leaves arc said to be throe, five, or seven 
ribbed, the midrib being counted with the others. By 
these deviations a gradual passage into the radiated 
Ibrin is (died,( d. Wlien the veins diverge from or near 
the liase and converge again to the ape.v (Ex. Rbexia, 
/ig". 4d, a.), they greatly resemble panillel*veined leaves, 
from which tiicy are distinguished bj' the netting of 
their secondary veins. 

kSoiiietimes lh(( veinlets are conlluent tiiong themar- 
irin, forinin.e two lateral ribs (./ig. 42, c.), an arrange¬ 
ment wliich is uadl-marlced iti tiie Myrtle tribe, and is 
occasionallv^ observed in other fainilics Such ]eavc.s 
are said to \>i' falsrli/ ribhvd. 

2d, In tin- liadutlcd form of reticulated leaves, the 
l>ctiole diviile.s at itsKtxtrcmity into scteral branches, 
whicli proceed, usually in a radiate manner, from the 
iutse of the leaf to its circumference. Suchleave.s have 
IK) midrib, and no true apex unless the principal 
veins converge as in fig. 42, a. The leaves of the 
Maple (Jig. 39, h.) and of the Mallow (fig- 43, a.) be- 


Pig. 43. 



long to this form. These, arc called palminerved 
leaves by De Candolle, who distingui.shes as a separate 
mode of veitiing, tliosc cases in which the petiole seems 
to be placed, not at the base, but at the lower surface of 
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the leaf, the veins diverging in every direction from ils 
extremity like the radii of a circle. This mode of vcin- 
ing has been termed pcltincrvcd, and such leaves arc 
called peltate or shicld-forvi. Of this, the Tropa'.olum 
or garden Nasturtium {Jig. 43* b.) is a familiar example. 
Here the vcining is obviously a sHghi modification of 
the radiated form. If the contiguous edges of the base of 
a leaf like that of the Mallow {fig. 43, a.) should hap¬ 
pen to grow together, a jiellate leaf would result. 

Orbicular, ritundisli, and ovate forms are usually 
assumed by radiatcil-veiued leave.s; obovate, lanceolate, 
or linear ones are, for obvious reasons, (juite uncom¬ 
mon. 

It should bo mentioned that the secondary veins of 
radiated leaves arc always disposed according to the 
feather-veined method ; so that \w may assuine the 
latter ns the tj*pc of the venation an Exogenous plants, 
and conceive a radiated leaf to result from the union of 
several feather-veined ones. 

There are also two kinds of parallel-veined leaves, 
viz.: the curve-veined and the straight-veined form. 

In the cun-e-vei/icd form {fg. 40, a.) the veins pass 
in a curved manner from the midrib to the margin. 
Our native plants exhibit few well-marked examples 
of this kind, but they abound in tro])ical vegetation. 

Fig. 44. This form, by a gradual transi¬ 

tion, through such leaves as that 
ofPontederia cordata {fg. 44,«,), 
passes into the straight-veined 
kind. In the latter the veins all 
arise at or near the base of the 
leaf, and proceed to the apex, 
nearly j^arallel with each, otlier. 
I'hey are either straight, as in the 
Grasses, &,c. {fg. 40, 6.), when 
the leaf is commonly linear ; or. 
by their gradual divergence they 
become curved, as in the Coii- 
vallariae ( fg. 44, 6.), when the 
outline of the'leaf may vary from 
lanceolate to oval, ovate, obovate. 
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or orbicular, according to the mode and the degree of 
the spreading of the veins.* 

54. The margin of a leaf, especially of a netted- 
veined leaf, is seldom {perfectly even, or, as botanists 
say, entire. It is frequently notched, toothed, or cleft 
in various degrees and an infinite variety of shapes 
result, for tlio designation of which numerous terms 
have been devised. These terms arose* from the sup¬ 
position that a leaf is originally a plane, entire surface, 
cut by some unknown cause into teeth, notches, lobes, 
&c. This j)hraseology is still retained, allhough the 
idea upon which it is founded is abandoned. 

The general outline or circumscriptioji of a leaf i.s 
governed by the disj)ositlon of its frame-work ; the 
apparent division or incision of its margin depending 
chiefly on the degree of development of its paren¬ 
chyma or cellular portion. * 

In the leafstalk, the frame-work consists of a single 
bundle of fibres and vessels, imbedded in cellular inte¬ 
gument. The lamina con.sists of the same parts in an 
expanded state. If, therefore, when the fibres spread 
there is only suflicicnt jiarenchyma to form a coating 
for each vein and its branches, a leaf like that of the 
yellow Water Ranuticulnsf {Jig- 45, «.) will be pro¬ 
duced. The leaves of the whitc-jlowered Ranunculus,J 
a more common species than the preceding, exhibit a 
similar conformation : such leaves are said to be fili- 
formly dissected. The frame-work remaining the 
same, we observe a further development of parenchy¬ 
ma in the cmersed leaves of the same plant, the spaces 
between the ramifications of the principal veins beiiig 
filled by it {jig. 45, h.). Such leaves, being apparently- 
divided nearly to the * base into several portions, 
are said to be parted. When, by a more copious for¬ 
mation of parenchyma, the principal •divisions of a* 


* For an explanation of these and all other terms employed to 
express the shape of leaves or of any other expanded surface, see 
Glossology, Chap. VII. 
t R. multifidus, Purs%;~'&. Purshii, Hooker. 
t R. aquatilis, Idnnaus. 
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parted or divided leaf grow together for a part of their 
length, a lobed leaf, like that of Ranunculus recurvatus 
results, {fig. 4.5, c.). If the whole space between the 
lobes be supplied with pareiu:hyma, as in the lower 
leaves of K. abortivus {fig. 45, d.), a rounded leaf is 
produced; the crenated margin, arising from the 
absence of parenchyma at the very extremities of the 



veins. The Ranunculus or Crow-foot genus, from ■ 
which the foregoing illustrations are taken, exhibits all 
the intermediate forms between an entire and afiliformly 
dissected leaf; indeed a large part ef the scries is often 
presented byasingle plant ThedilTerenceis attributable 
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to the parenchyma alone, the arrangement of the frame¬ 
work being similar in both, i. e. belonging to the 
radiated form. 

The subjoined series of figures, mostly taken from 
well-known plants, illusftates the division and toothing 
of feather-veined leaves. The terms applicable to each 
are explained in the chapter on Glossology. 


a 


Pig. 46. 

h c d 



• Parallel-veined leaves are very seldom tojthed, or in 
any manner divided. 

. 55. The sinus observed at the base of many leaves, 
is owing, in the reticulated form, to the extension of the 
secondary veins in that direction (Jig. 47, a.), and 
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in parallel veined 
Fig. 47. leaves, to the unu- 

\ A sual curvatiue of 

/ \ the lower veins near 
ihe*'' origin; as in 

)\ //\Ib \ 

’ i\ 1* 

'JJ'i\ P Apaliislris {/g". 47, 

i Such leaves arc 

V^v ^iB Br / said to be cordate 
or heart-shaped, 
Jf where the lobes are 

a rounded as in these 

instances. 

lobes arc sharp-pointed and directed back- 


Fig. 48. 




wards, the leaf is termed 
sagittate or arrow-shaped, 
as in Jig. 48, a: if the 
lobes are turned outwards, 
the leaf is said to be has¬ 
tate or halbert-shaped as 
in fg. 48, b. A sinus at 
the apex of a leaf results 
^ cither from the dispropor- 
vl'tionate extension of the 
upper veins, or in radiated 
leaves from the shortening 
of the middle vein and the 
unusual elongation of the 
lateral ones. 


The undulated and crisped surface of some leaves is 
the result of a cause exactly opposite to that which pro¬ 
duces lobes and sinuses, viz. the disproportionate.pro¬ 
duction of parenchyma. {Ex. Mallow, and some varie¬ 
ties of the cultivated Cabbage and I.ettucc,) 

The leaves of all Flowering plants are furnished with 
veins, yet*they are invisible in succulent plants, being 
buried in pulp, and are often scarcely to be detected in 
those of a firm and leathery texture: such leaves are 
said to be hidden-veined; being never truly veinloss, 
as is sometimes stated. 
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5G. A compound leaf is characterized by having the 
lamina, or each of its divisions, articulated with the 
petiole ; the pieces which compose such a leaf, receiv¬ 
ing the name of folioli^s or leaflets. All the forms 
of compound leaves may be reduced to two kinds; the 
digitate and the piiyiate. They are digitate when all 
the leaflets stand on the end of the petiole, as in the 
Horse-chestnut {fig. 49, a.), the Clovet, Lupine, &c. 
They are pinnate (fig. 49, b.) when the leaflets are 
placed along the sides of the common petiole. 

Fig. 49. 




Digitate leaves correspond to the radiated form of 
simple leaves, and pinnated ones to the feather-vein«d 
modification. We shall at once comprehend the ana¬ 
logy of a digitate leaf witfi a radiated simple leaf, by com¬ 
paring those of the Horse-chestnut (^g. 49, a.) with the 
Maple (fig. 39, 5.). We have only to conceive the* 
.feather-veined lobes of the latter to be separated quite 
to the base and articulated with the petiole, and a digi¬ 
tate leaf would be produced. Or, vice versa, if we con¬ 
ceive the leaflets of the Horse-chestnut to lose their 
articulation, and g*row together for a part of their 
length, a radiated leaf would be formed similar to 




the origin of the primary veins, and these being jointed 
on the midrib, or, as it now becomes, common petiole, 
an abrnpUy pinnate leaf results. When the extremity 
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of the petiole also bears a leaflet, as in the common 
Locust, the leaf is said to be impari-pinnate, or pinnate 
with an odd leaflet. Sometimes the petiole is continued 
beyond the leaflets in th^form of a tendril, as in the Pea 
tribe {fig'. 50, a.). Leaves are said to be oppositely or 
alternately pinnate^ according as the leaflets are situa¬ 
ted opposite to, or alternate with each other. 

The number of leaflets also varies ^eatly. There 
may be a single pair only; or a single, pair with a ten¬ 
dril, as sometimes happens in the Pea tribe; or a single 
pair with an odd leaflet (jig. 50, b.), which is very com¬ 
mon in the last named tribe. The latter form is called 
a ternate. but more definitely a pinnately trifoliolate 
leaf; being distinguished from a digitate leaf of three 
leaflets {digitatcly trifoliolate), in which the several 
leaflets are articultitcd with the very summit of the 
petiole {Ex. Clover)f We sometimes meet with com¬ 
pound leaves having a solitary leaflet ; this hap¬ 
pens in the Orange genus, anJ in a species of Rbyn- 
chosia, called on this account R. monophylla. The 
lamina being jointed with the petiole, such leaves 
are as truly compound as any of the foregoing exam¬ 
ples. Wo can only judge from analogy whether 
these belong to the digitate or pinnate series, but the 
same species of Rhynchosia sonrptimes produces lateral 
leaflets, and the leaf is thus proved to be a pinnate leaf 
reduced to a single leajlet ! 

When the primary veins arise from the side of a 
petiole or midrib, as in an ordinary pinnate leaf, but, 
instead of bearing a single lamina, serve as petioles 
along which the limbs of the secondary veins are av- 
ranged, a bipinnate or tvf.ce-pinnoted leaf is produced, 
as in the Honey-locust and many Acacias {Jig. 50, c.). 
Even the third order of veins may form the leaflets, and ^ 
n tripinnatc leaf is the result, as in Jig‘ 50, d. If the 
.division be carried still further, we term the Ipaf dccom- 
ptjund or supradecompound, whatever may be the 
extent of division. In all these cases, the secondary- 
petioles are jointed ^on the main one; and when the leaf 
falls from the stem, the leaflets also separate at these 
joints. 


8* 
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Compound leaves are confined to those of the netted- 
veined kind, or, in other words, to Exogenous plants: 
parallel-veined leaves are sometimes divided, but are 
never jointed; consequently trply compound leaves arc 
unknown in Endogenous plants. 

57. The petiole, or support of tjie lamina, is a part 
of the leaf, and not of the stem as Linnseus supposed. 
It consists priftcipally of cellular integument, through 
which the bunches of spiral vessels and woody fibre 
pass before they spread into the lamina. 

The petiole varies much in length ; being often quite 
short, or wanting altogether, while in some Palms it is 
12 feet long. TIic slender leaf-stalks of the white 
Water-lily, whose leaves float on the surface of the 
water, sometimes attain the length of eight or ten feel. 
Petioles are usually cylindrical, or'slightly channelled 
above ; those of the Poplar, however, are very much 
flattened at right angles with the lamina, so that the 
slightest breath of air sets the leaves in motion. 

The petiole is sometimes furnished with a leaf-like 
border, in which case it is said to be winged or mar¬ 
gined {fig. 51, a.). In Lalhyrus latifolius, a jdant of 
the Pea tribe quite common in gardens, the whole stem 
is margined in this manner. In compound leaves, this 
border is interrupted, where the leaflets arise, as in 
Rhus Copallina {fig. 51, h.). Occasionally all the leaf¬ 
lets of such a leaf are abortive, when the margined 
petiole might be mistaken for a lamina ; these have 
been called lomentaceous leaves. 

The base, or end of the petiole which joins the stem, 
iTgenerally somewhat swollen, especially on the lower 
side ; sometimes it clasps or surrounds the stem 
wholly or in part, as in the (Crowfoot tribe {Raptincu- 
^lacece), or, still more remarkably, in Umbelliferous 
plants, in whith the whole petiole is frequently flat 
and memlyanous; so that were it not for the lamina 
it bears, its true nature would scarcely be suspected 
{fig. 51, c.). The scales which many stems bear in 
the place of leaves, as those of Monotropa, Orobanche, 
and Elytraria (^g-. 51, d,), are the bases of petioles 
destitute of lamina. 
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The petioles of Grasses are always sheathing, and 
in descriptive botany are usually called sheaths {Jig. 
51, e.). Sheathing petioles are very common in Endo¬ 
genous plants, and often, the lamina wholly disappear¬ 
ing, the sheath only remains. 

• Fig. 51. 
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It happens sometimes when the lamina is abortive, 
that the petiole spreads out into a leaf-like organ, 
taking the place of the true leaf. In this state it is 
called a. phyllodium {Jig- 5lff,g.)- Nearly all the 
New Holland Acacias bear phyllodiu instead of leaves. 
We know that they are not true,leaves, because the 
young plants sometimes exhibit a pinnated lamina, 
as in other Acacias. Their edges also are presented 
to the earth and sky, and not their surfaces as in true 
leaves. Moreover, being mere dilatations of the petiole, 
they are parallel-veined, although they occur in plants 
of Exogenous growth. 

Several botanists suppose the leaves of most Endo¬ 
genous plants to be dilated petioles without limbs, and 
some circumstances render this opinion probable. 
Thus, the leaves of the Arrowhead {Sag-ittaria 
sagiltifolia) ebmmonly have both a petiole and limb; 
but sometimes, while tlic latter di8ap|)ears, the former 
becomes flattened and leaf-like. Occasionally all the 
gradations between a true lamina and a dilated petiole 
are seen in this plant, growing tm the same root. 

The cylindrical and hollow leaves of the Hya¬ 
cinth, Onion, &c. are doubtless petioles without limbs; 
and perhaps those of Iris arc of the same nature. 
After all, this qticsiioi] is of little consequenre, for the 
lamina is nothing more than an expanded petiole, and a 
petiole is merely the unexpanded portion of the lamina. 

The branches of the petiole in a eompound leaf, are 
called petiolules or partial leaf-stalks. 

58. The usual appearance and general symmetry of 
loaves is occasionally interfered with from various 
causes,and some uncommt.n modifications arc produced, 
which, being exceptions to general rules, require a se¬ 
parate notice. Usually, the two sides of the lamina arc 
*eqnal and symmetrical, but sometimes one side is con¬ 
siderably smaller than the other, owing to some 
unknown ‘cause, acting however uniformly upon 
all the leaves of the plant; sueh leaves are called 
oblique or inequilateral, {Ex. Begonia obliqun, Jig. 
52, a.) The symmetry of compobnd leaves is often 
destroyed, either by the non-development of one or 
more leafleU, or by their unusual diminution of sixe. 



LEATBS. 


93 


Extreme succulence often renders the margins and 
surfaces of a leaf undistinguishable, producing very 
singular forms, as in the several kinds of the Ice-plant. 
Other variations result Jrom a nearly opposite cause, 
viz. the suppression of parenchyma, and the hardening 
of the veins. In this way spines are formed, as on the 
edges of the leav*es of the Holly and Thistle, in 
whicli the hai-dening is confined to th# lobes. The 
radiated spines of the Barberry are caused by the har¬ 
dening of the primary veins and the tdtal suppression 
of the parenchyma of the original leaves. The lower 
])art of the young stem generally furnishes a few 
spinose leaves, showing how this curious transforma¬ 
tion takes place. 

59. Still more strange modifications of leaves some¬ 
times result from •the cohesion of parts which are 
generally distinct. It is well known thart organs which 
stand very close to each other are liable to cohere or 
grow together; as leaves to each other and to the stem, 
and fruits to each other and to the neighboring parts of 
the flower, many examples of which will be noticed in 
the proper place. Accidental instances of this kind 
occasionally occur, such as the union of neighboring 
leaves, double apples, &.c. ; but these being strictly 
accidents, are, of course, seldom met with. But in 
other instances such unions take place at a very early 
period, when the organs are yet scarcely visible ; in 
these cases they are of constant occurrence, owing to 
the uniform operation of the cause, whatever it may be, 
which produces the union. They are appropriately 
termed by De Candolle, constant accidents; sinc^ 
although contrary to the natural course of things, 
they* occur uniformly in*each species. Many unusual 
appearances may be explained by attention to this cir¬ 
cumstance. We have seen {fig. 43.) how a leaf like* 
that of the common Mallow may become peltate or 
shield-shaped. The species of Hydrocotylf or Marsh 
Penny-wort show this transformation very beautifully, 
as is seen in fig. 52, h, c, d.* 

■_ _ ____ 

♦ Pig . 53, b, a leaf of Hydrocotyle Americana; c, H. umbellata: 
d, H. interrupta. 
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Fig. 52. 






In like manner the posterior lobes of some sessile 
leaves grow around the stem and cohere together, as 
in Streptopns amplexifoliiis (fig. 52, c.) and several 
species of Uvularia ; such leaves, appearing to be per¬ 
forated by the stem, are said to be perfulialn. The 
bases of opposite leavdk not unfrequently grow together, 
especially the upper pairs, as in several species of 
Honeysuckle (Loniccra): leaves of this hind arc said 
to be connate, and the arrangement of the veins suffi¬ 
ciently distinguishes them from the former case. 

Fig.53. Curious instances of twin leaves 

occur in nearly all the species ofBau- 
hinia, a gcnits appropriately dedicated 
by Linna!us to the brothers Jodin and 
Caspar Banhin, who unitedly wrote 
and published the Pinax plantarum. 
These leaves {fig. 63.) are evidently- 
composed of two leaflets, more or 
less united by their inner margins. 

Leaves also g»ow to other organs ; 
sometimes by the midrib, as the flo- 
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Pig. 54. 



ral leaf of Tilia adheres to the 
flower-stalk ; and sometimes sending 
down a leafy border along the stem, 
as in the decurrevt leaves of the com¬ 
mon iWullein. In these and all similar 
cases, however, the aspect of leaves 
is'slightly aflected ; but the most puz¬ 
zling forms arc seen, when the petiole 
and the lamina at the same time un¬ 
dergo some unusual transformation. 
Thus the sensitive appendage to 
the leaves of the Fly-catcher of the 
Southern States {IHonaamuscipula, 
fig. 54.) is the true lamina, articulated 
upon the summit of a dilated, leaf- 
like petiole. 

If this view be correct, it will serve "to explain the 

nature of the hollow leaves of the Sarraccnia or Side- 

„. saddb’flower; of which several 

Fig. 55. l.,g.,56. 

ern States, and one (S pvrpu- 
rea, fig. 55.), with its leafy cups 
half tilled with water and dead 
insects, abounds in the bogs 
.of the Northern and Middle 
'States, rt" we conceive the di¬ 
lated petiole of Dionaea to be 
folded inwardly and united at 
the edges, a leaf like that of 
Sarraccnia would be formed. 
The pitcher, then, may be coiw 
sidered as a hollow petiole, with 
a leafy margin or w ing on one 
side, and the hood or lid (which 
in other specica more nearly" 
. resembles a lid) is the lamina. 

^ The still more strange leases of NepeTithes, the 
Pitcher-plant of India (fig. 56.), may be similarly 
explained. The petiole where it arises from the stem 
I* ifisnal shape; soon it expands into a 

leaf-hke organ, which is probably of the nature of a 
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phyllodium (57); next, it becomes again round and 
slender, like a tendril; and lastly, expands into a 
pitcher, to which the lamina, at the suininit, forms a 
lid. The pitcher is partially filled with nearly pure 
water, which is not collected from without as in the 
Sarracenia, for the lid accurately closes the opening, hut 
is deposited by the plant itself. We are not to sup¬ 
pose that Nepenthes or similar ])laiits (there beirij; 
several instances of the kind) have any peculiar pro¬ 
perty in this respect; the ordinary perspiration of leaves 
in such a situation, where there can be no loss by eva¬ 
poration, will account for the accumulation of water in 
these pitchers. 

60. The position of leaves on the stern is next to be 
considered. With regard to the stem itself, leaves arc 
radical when they arise from the stem at or beneath the 
surface of tht ground ; cat/Zi«c, .when they arise along 
the main stem; ramtal, when they belong to ordinary 
branches; and Jlural, when they stand on the flower- 
bearing branches. The size of leaves often varies with 
their situation, the radical ones being usually largest 
and the floral ones smallest : not tinfrequenlly their 
shape also differs. With regard to their succession, 
the earliest-formed leaves are those which were enclosed 
within the seed ; these are called seviinal: those which 
immediately succeed the first, are called priwordial. 
The seminal and primordial leaves decay as soon as 
others arise to take their place ; their shape and appear¬ 
ance is usually quite different from the succeeding or 
ordinary leaves. 

» As to the situation of leaves with respect fo each 
other, it may be observed that they arc always arranged 
in some particular order, \fhich is uniform in- each 
species. It has already been stated that' leaves 
always rise fnom the nodes, just below a regular leaf- 
bud. They are placed either alternately one above 
another ^fig. -57, a.); or in pairs one on each side of tjre 
stem, in which case they are said to be opposite {fig. 
56, b.): when more than a single pair of leaves arise 
apparently from the same node, they are verticillate 
or lehorled {fig. 67, c.). 
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Bespecting the first mode of arrangement, it is to be 
noticed that the leaves are seldom placed one above 
the other on exactly opposite points of the stem; but 


Big. 57. 



a • b e 


usually the second leaf is a little to the nght or left of 
the opposite point, and the third is in like manner 
a little on one side of the first, &c.: so that tracing along 
the bases of the leaves of a branch, we describe a sim¬ 
ple spiral line. When the leaves are quite close the 
spiral arrangement is very evident; when widely scat¬ 
tered it is much less so. 

In the Apple and Pear-tree we perceive that the 
spire consists of five leaves; that the sixth, or com¬ 
mencement of the second series, covers the first, the 
seventh the second, &,c.: this is the most common 
arrangement of alternate leaves. Some leaves exhibit 
a double or even a triple spiral disposition. 

The spiral arrangement of leaves is a beautiful pro¬ 
vision for securing the symmetry of the branches; the 
woo^ being formed by ^he action of the leaves and 
leaf-buds, if these were not placed in regular order over 
every part of the circumference, more wood would be 
deposited on some sides of the stem than bn others. So, 
ivhen the spire is reduced to its simplest state, that of 
two leaves, or in other words, when the leaves are 
alternate in the strict sense of the term, the stem is 
usually two-edged 0 / flattened from this very cause. 

In opposite-leaved plants, the pairs are placed in an 
9 
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alternate manner with respect to each other, that is, the 
second pair is at right angles with the first, the third 
pair exactly over the first, and the fourth over the 
second. It results from this disposition, that the 
branches of opposite-leaved ptants are commonly more 
or less four-sided (Ex. Labiata;). instead of being 
cylindrical as in alternate-leaved plants. 

The whorled arrangement does not essentially dift'er 
from the opposite, which may be considered as a whorl 
reduced to a sifiglc pair. 

Although the relative position of leaves is generally 
definite and uniform in each species, yet the symmetry 
is occasionally disturbed. The Honeysuckle under 
ordinary circumstances bears opposite leaves, but when 
it grows very rapidly they occasionally become alter¬ 
nate. On the contrary, when alternale lcaved stems 
arc very much contracted between the nodes, the leaves 
appear opposite or whorled. In .some plants the lower 
leaves are whorled, the middle ones opposite, and the 
uppermost alternate. From these circumstances, some 
botanists have inferred that the alternate or spiral is 
the natural or normal mode of arrangement, becoming 
manifest whenever the stem grows uninterruptedly ; 
but when, from some cause, the extension of the stem 
is periodically interrupted, the leaves appear in pairs; 
if its growth be checked until three or more leaves 
are formed, they become whorled. 

It is found, almost without exception, that whenever 
both opposite and alternate leaves occur together in 
plants of Exogenous growth, the. lower arc opposite, 
grid the upper alternate; in Endogens, on the con¬ 
trary, the lower leaves are almost always alternate, the 
uppermost being occasionally opposite or whorled. 
Desfontaines, in noticing this economy, conne'eted it 
• with another .fact, which will be more particularly 
considered hereafter, viz.: that the seminal leaves of 
Exogens •are always opposite, or whorled, which Is 
nearly the same thing; and those of Endogens, if more 
than one, are alternate. Hence it may plausibly be 
inferred that the natural positioh of leaves in Exo¬ 
genous plants is opposite, and in many families this 
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arrangement i« rigorously adhered to, as in the Pink 
tribe, the Mint tribe, &.C.; but in other cases, by 
the division or extension of the nodes from some 
unexplained cause, they assume the alternate arrange¬ 
ment. Endogenous platits, considered in this view, 
are originally alternate-leaved; the opposite or whorled 
arrangement, wliicl* but rarely occurs, resulting from 
the non-development of one or more internodes 

A third, but more unusual mode sometimes occurs, 
that of fascicled or tufted leaves. This, however, is 
only an accidental deviation to which either system 
is liable. Leaves arc never actually produced side by 
.side, although when a digitate leaf is sessile the seve¬ 
ral leaflets present this appearance. The true nature of 
such leaves is known by analogy only. In the Bar¬ 
berry the real steia-Jeaves are changed into spines (58), 
and the apparent bundle of new leaves is a very short 
branch. In the Pine also the seeming fascicle of 
leaves is a young branch, the little sheath enveloping 
the base of the fascicle being the rudiment of a true 
leaf. During the growth of the plant some of these 
imperfect branches lengthen, and the spiral disposition 
of the loives is thus rendered manifest. 


61. At .1 definite period, varying in different plants 
but nearly uniform in each species, leaves gradually 
lose the power of performing their office,—their color 
at the same time changing to some shade of red, yellow, 
or brown,—and finally those articulated with the stem 
separate at the joint and fall away; the others wither 
and decay on the stem. 

In view of their duration, three kinds of leaves may 
be distinguished, viz.: * 


1st. Fugacious, when.they fall off goon after their 
first appearance, as in the Prickly-pear. 

• 2d. Deciduous, when they fall in the autumn, which 

IS the most common case. ‘ 

•. 3d. Persistent, when they remain beyon4 a sinirle 

srtha"t Ae »ew leaveg. 

Pine leafless; as in the Holly, the 

^ The^Iir Evergreen^. ' 

The fall of the |eaf » not attributable to th» «eUoit 
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of frost; since the trees of this latitude transported 
to warmer climates lose their leaves at stated periods. 
It has been attributed to the consolidation of the 
parenchyma by the gradual arcumulation of solid mat¬ 
ter, carried in with the sap and left by evaporation. 
This very well explains the death of leaves, but 
does not account for their fall, which, although accele¬ 
rated by varidus causes, takes place with great unifor¬ 
mity in all £:(ogenous trees and shrubs, but not in 
those of Endogenous growth. The following is the 
only satisfactory explanation of the fall of the leaf 
which has yet been offered. 

When the leaf and stem are both growing and in a 
healthy state, the base of the former and the branch 
that bears it both increasing at the same rate, there is 
no interruption to their mutual adaptation. But when 
at length the" full-grown leaf loses its vigor by the 
deposition of extraneous matter in its substance, its 
base can no longer adapt itself to the growing branch, 
which is rapidly increasing in diameter by the forma¬ 
tion of wood. The leaf is consc(;.;ently disjoined at 
the articulation by the rupture of the connecting vessels, 
and drops off. 

This view is given by Prof. Lindley, and does not 
materially differ fron\, that of Du Petit Thouars. It 
accounts for the early fall of the lower leaves of her¬ 
baceous plants, and for the fall of the old leaves of 
Evergreen trees while the wood of the ensuing summer 
is forming. Endogenous stems admitting of no in¬ 
crease in diameter, their leaves consequently do not 
Akll, but simply perish and decay on the stem. 


Sect. VI. Of Stipules and Tendrils. 

62. Stipules are small leaf-like bodies, situated one 
on each side of the base of a petiole. Their nature 
is not very well made out. Stipules, tendrils, spines, 
&e. were formerly included under the general names 
of supports or appendages of plaiAs ; but tendrils and 
spiqes are now known to he ntodifioations of leaves and 
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branches, and not special organs. It is very probable 
that stipules also are modified leaves. Thus, they are 
generally green and of a leaf-like texture, being some¬ 
times as large as the l^ve.s themselves, and in the 
Pea even larger. Indeed, in one plant of the Pea tribe 
the leaves are all clyinged to tendrils, and their place is 
supplied by a large pair of stipules. The veins of 
stipules, when they have any, are arranged in the same 
mode as those of the leaves ; and they produce leaf- 
buds in their axils in several Willows, which seems to 
decide the question. 

All stipules have not a leaf-like texture, being fre¬ 
quently membranaceous and sometimes scaly; occa¬ 
sionally they are mere bristles or points, and like 
leaves are sometimes changed into spines. In the Cu¬ 
cumber tribe and in» some other instances they change 
into tendrils. Thus they are seen to undergo all the 
ordinary modifications of leaves, from which they difier 
however in one constant character, viz.: their situation 
in pairs at the base of a true leaf. 


Fig. 58, 



a c b 

9 

The Pea tribe presents numerous instances of sti¬ 
pules in their ordinary leaf-like state (Jig. 58, ffi). They 
agree with leaves also in their tendency to cohere 
with one another and with neighboring organs, thus 
changing their natural appearance. In the Rose, 
the common species of Clover, &c., they adhere to the 

9* 
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base of the petiole, one on each side. In other cases 
their outer edges growing together, there seems to be 
a single stipule opposite the leaf (£x. Platanus, jtg-. 58, 
b.). Their usual appearance is sometimes still further 
changed by the union of the inner edges also, when 
they form a kind of membranous sheath for the stem 
just above the leaf, as in Polygonum and all the Buck¬ 
wheat tribe (•Jig. 58, c.); such stipules are called 
ochrem, and algo intrafoliaccous stipules. Opposite¬ 
leaved plants seldom have stipules, but when they do 
(as in Rubiaceae), it often happens that the two con¬ 
tiguous stipules of each pair of leaves unite by their 
edges, forming seemingly but a single pair, common to 
both leaves. These are called interpetiolar stipules. 

The several leaflets of a compound leaf are some¬ 
times furnished with little stipules, as in the Bean; 
these, to distinguish them from the stipules of leaves, 
are called stipulules {Jig. 50, b.). 

The presence or absence of stipules is nearly uniform 
in the same family. Thus, with one or two exceptions, 
all plants of the Rose tribe, the Pea tribe, &c. have 
them. The Crucifer®, Ranunculace®, the Pink tribe, 
&c. arc without them, and therefore their leaves arc 
said to be exstipulate. In many plants, however, they 
fall off at an early period (£x. Magnolia), and in 
several cases being joined to the petiole they become 
inconspicuous. 

It is said that no Endogenous plants are furnished 
with stipules, yet they seem to exist in the Pond-weeds 
(Potamogeton ); and if the tendrils of Smilax (63) are 
iwt modified stipules, their nature is not yet under¬ 
stood. 

When the texture of stipules*is leaf-like, they perform 
the ordinary functions of leaves; but in other cases their 
• oflice, if they 'have any in particular, is unknown. 
The large membranaceous stipules of the Magnolias^ 
and the Tulip-tree envelop the young leaves in the bud,* 
but in most cases they are much too small to subserve 
this purpose. 

63. Tendrils are slender, thread-like prolongations, 
capable of clasping spirally, or fixing themsmves to 
neighboring bodies. By their aid feeble and climbing 
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stems are enabled to sustain themselves upon more firm 
and sturdy plants. They are not peculiar organs, for 
almost any part of a plant may become a tendril. The 
extremity of the petiole «ften becomes a tendril in the 
Pea tribe {fig. 50, b). In the genus Gloriosa (lily¬ 
like plants of warm>climates) the lamina itself is pro¬ 
longed into a tendril: in the Gourd or Cucumber tribe 
the tendrils appear, from their situatioTi to be trans¬ 
formed stipules j but it is remarkable th,pt there is only 
a single one to each leaf. In Smilax they are trans¬ 
formed stipules, cohering with the base of the petiole; 
although stipules have been denied to Endogenous 
plants, yet it will be remarked that the foliage of Smi¬ 
lax resembles that of Exogens in several other respects. 
In the Vine a portion of the flower-bearing branches 
are transformed intd tendrils. 


CHAPTER III. 

OF NUTRITION IN FLOWERING PLANTS. 

C4. The offices of each of the«organs noticed in the 
preceding chapter, so far as they are known to us, 
having been already indicated,it remains in the present 
chapter to consider their combined action in relation 
to nutrition, or the conversion of unorganized mat¬ 
ter into their own proper nature. Introductory to 
this subject, we must briefly notice the powers by which* 
the vegetable apparatus js put in action; and finally 
we are. to consider several curious phenomena indi- 
. rectly connected with nutrition, which, as they do not 
appertain to any single organ, could not properly be 
treated of in the preceding chapter. • 

This subject presents a wide field of inquiry no lesi 
interesting to the practical cultivator than to the stu¬ 
dent of nature. It iibounds in impressive illustrations 
of the faultless skill and wisdom of the Deity in the pro¬ 
duction of the most grand and highly important results 
by a few simple and apparently insignificant means. 
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Our limits restrict us to a cursory account of the lead¬ 
ing phenomena of vegetable life, divested of all unneces¬ 
sary detail. 

• 

Sect. I. Of the Powers which Plants possess for the 
performance of their Functions. 

65. Many ^getable actions arise from certain pro¬ 
perties inherent in the tissue of a plant, being equallj- 
cotnmon to it both in a dead and living stale ; these are 
called properties of tissue. The most important of 
these are extensibility, elasticity, hygroscopicity, and 
endosmosis. 

1st. Extensibility belongs in some degree to all the 
parts of a plant while in a growing state. Not unfre- 
quently a young branch extends in«the course of a few 
weeks from hiflf an inch to sevqral feet in length, at 
the same time increasing in diameter at a corresponding 
rate. A leaf at its earliest appearance is a minute 
scale, but a week or two is generally sufficient for its 
full development. The same rapid growth takes place 
in almost every organ. This increase is owing partly 
to the deposition of new matter, and partly to the exten¬ 
sibility of the tissue. 

The cuticle of a gr^owing stem is subject to a rapid 
increase, and its expansion depends chiefly, if not en¬ 
tirely, upon its extensibility, which is, however, con¬ 
fined within certain limits. Newly-formed tissue is 
most extensible, as the rapid elongation of young 
branches sufficiently proves. 

• 2d. Elasticity, or the power of suddenly assuming a 
new direction on the withdrawal of a restraining force, 
requires to be noticed; its effects having often been 
mistaken for cases of irritability. 

In the Parielaria, an humble weed of the Nettle tribe, 
the filaments (127) are curved or coiled inwardly in the 
flower-bud‘, and confined in that situation by the calyx.' 
These filaments, when fully grown, act like little springs, 
suddenly forcing open the calyx by their elasticity. 
A similar contrivance exists in the Kalniia or Ame¬ 
rican Laurel. Before the flower opens, the summits 
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of the ten stamens (126) are placed in the same 
number of little pouches on the side of the corolla, 
and retained by a glutinous substance. When the 
corolla opens, the filanie»ts are curved outwardly and 
placed in estate of tension; their elasticity at length 
frees them from the^orolla, and they fly upwards with 
a sudden jerk. We shall have occasion to allude to the 
object of this contrivance in another place. It has 
been stated * that the stamens of the I^almia start up 
when their base is touched with a sharp point, like 
those of the Barberry; but this is incorrect, the 
movement being wholly mechanical. Several flowers 
open elastically, and among fruits the Balsam and 
Touch-rne-iiot arc familiar examples. 

3d. Hygro^copicity, or the property of absorbing or 
giving out moisture according to the nature of the body 
and the stale of the sjirrounding atmosphere, is a pro¬ 
perly common both to organized and unorganized matter. 
Young tissues which are not filled up with foreign sub¬ 
stances are most active in taking up moisture; thus 
the spongclcts of roots are eminently hygroscopic, 
the bark much less so. Sap-wood absorbs readily. 
Young branches of Willow or Poplar stuck in damp 
soil will take up sufficient moisture to keep the branch 
alive until new roots are formed. Heart-wood, on the 
contrary, being filled with solid matter, is not hygrosco¬ 
pic j hence it is more durable as timber, especially when 
exposed to humidity. Many apparently spontaneous 
movements arc caused by alternations of moisture and 
dryness ; thus the beard of the Oat twists by losing, and 
untwists by absorbing, moisture; and the teeth of the. 
fruit-case of Mosses (186) move from the same cause. 

The absorption of moisture is controlled by a very 
remarkable power, lately discovered by M. Dutrochet, 
*a distinguished French physiologist, called. 


* ,♦ See Library of Usefvl Knowledge, Art. Botany, pT79. Even 
De Candolle seems not to have understood this phenomenon when 
in alluding to some undoubted instances of vegetable excitability 
he says, “ Dans les geranium et les kalmia, les filets se courb^t 
pour poser I’anth^re suf le stigmate .”—Physiologie Veffetale, II, 
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4th. Endosmosis. This power undoubtedly exer¬ 
cises an important influence in vegetable physiology 
as well as elsewhere. The general rule in respect to 
its operation is, that if two flijids of unequal density be 
separated by a membrane, even destitute of visible pores, 
the lighter fluid passes through the^membranc, mingling 
with the denser. A simple experiment will illustrate 
this. If a short tube, or a phial with the bottom broken 
off, be covered at one end with any vegetable or animal 
membrane, nearly filled with a solution of gum arahic. 
and half immersed in water, the denser mueilagc will 
attract the water through the membrane, and tlie tube 
will be filled. A small portion of the denser fluid 
also passes outward and mingles with the water, but 
the preponderance is greatly in favor of the mucilage, 
and the denser the fluid the strong*;r its attraction upon 
the water. I»et the experiment be reversed by filling 
the tube with water and immersing it in a vessel of mu¬ 
cilage, when, in accordance with the same rule, the 
water will slowly sink in the tube, which will at length 
nearly empty itself. 

This power ofl'ers a ready explanation of many acts 
of vegetable life which were formerly altogether inex¬ 
plicable. Several instances will be adverted to in due 
time. We may here adduce a single illustration, viz,. 
the growth of fruits. When a fruit, such as the peach or 
plum, begins to enlarge, its cells are filled with a fluid 
denser than the sap; by the property of Endosmosis, 
therefore, they attract a large portion of the neighboring 
sap into the fruit, which in consequence becomes juicy. 
JThe density of the fluid is kept up by the continual 
evaporation of its watery portion, and thus the fruit 
is enabled to appropriate to Hself a great part oi the 
food of the plant, which it changes into a pulp. In 
this, no doub^ we have the true explanation of the • 
fact, that plants are weakened and their growth checked 
by bearing fruit; and that plants which flower but onqe 
(annuals and biennials) die for the most part soon after 
the maturation of their fruit. 

66. These properties alone are*insufficient to carry 
on any of the processes of vegetation, existing as they all 
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do in a dead plant as well as in a living one; the prin¬ 
ciple of life is requisite to control and modify them. 
We know nothing of the nature of life. It is some¬ 
thing which sets the mathine in action, preserving it 
from the chemical changes to which dead matter is 
liable, and enabling it to be influenced by external 
agents. This property, or power, is called excitability. 
It acts only upon the elementary tissues of plants, and 
does not usually give rise to sensible motions; its 
j)rcsence, therefore, is only known by its results. Thus, 
the sap ascends rapidly in a living stem, but not in a 
dead one ; and light causes living leaves to decompose 
carbonic acid gas, but has no such action upon dead 
leaves. 

Excitability resides principally in the cellules. If 
we cut out a piece ftf the stem of the Lettuce, or any 
other milky plant, th» juice comprised in the cellules 
of the bark runs out from both extremities of the por¬ 
tion ; proving that it is moved by a force residing in 
the cellules themselves, and not by a power exerted 
from above or below; for in the latter case the juice 
would flow from one extremity only. Neither does it 
exude by its weight, because it flows as readily from 
the uppermost as from the lower extremity. Moreover, 
if the plant be destroyed, cither slowly by the action of 
poisons, or suddenly by a shuck of electricity, the milky 
juice will not flow out when the stem is wounded. 

An excessive degree of excitability occasionally pro¬ 
duces sensible movements of the organs of plants, by the 
influence of external agents. Thus some leaves collapse 
in the absence of light, and expand again upon its return. 
'I'he leaf of Dionsea (fig. §5.) closes suddenly and with 
considerable force when its upper surface is touched ; 
and a slight shock, or even a drop of any corrosive fluid, 
causes the leaflets of the Sensitive plant to collapse. 
1 his property has been termed irritability, bu4all these 
instances are probably extreme cases of simple excita- 
t *irritability be employed, wc 
should be careful not to confound it with the sensibility 
01 animals, a faculty which depends up. n a nervous 
system, and therefore has no existence in plants. Some 
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penons have attributed sensibility and a nervous sys* 
tem to plants; but it would indeed be an undesirable 
and cruel gift to endow them with the faculty of expe¬ 
riencing pleasure and suffering pain, when by their na¬ 
ture they are unable to seek the one or to avoid the 
other. 

67. The joint action of at least two external agents, 
viz.: heat and light, is essential to vegetation. These 
agents seem to act chiefly as excitants to the living 
principle. Heat excites the action of buds in the spring, 
causing them to unfold; it also promotes evaporation 
from the surface of leaves, in both cases indirectly 
effecting the ascension of the sap. The light of the sun 
enables green-colored parts to decompose carbonic 
acid, and to fix the carbon in their tissue: it also gives 
rise to the colors of vegetables. ^ 

In conclusion, it appears that the living principle, 
excited by heat and light, controls and modifies the 
properties inherent in the tissue of plants; and that by 
virtue of these powers, severally or jointly, vegetables 
are enabled to develop their parts, to take in and assi¬ 
milate their appropriate food, to increase in bulk, and 
to perform all their different functions. 


SscT. II, Of the Food of Plants, and of Absorption 
by the Roots. 

68. The food of plants is introduced into the vege- 
table system principally by the roots. 

It is by no means difficult to find exceptions to this 
proposition. Several Flowering plants (such as the 
Tillandsias of the Southern States, the epiphytic Or- 
chideee, &c.) grow on the bark of trees, and their roots 
serving merely to fix them in this situation, they absorb 
air and moisture by the whole surface of their stem and 
leaves. Similar instances are extremely common in 
Flowerless plants, especially in the lower orders of this 
class; but we do not intend to consider the economy 
of these plants in the present chapter. All vegetables, 
perhaps, have the power of taking in moisture by their 
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leaves, yet in ordinary circumstances they absorb very 
little in this way; and the influence of the atmosphere 
itself is not so much to furnish food to the plant as to 
assist in its digestion. T^e numerous exceptions, there¬ 
fore, which may be adduced hardly invalidate the rule. 

Roots absorb sul^y by their spongelcts or soft grow¬ 
ing extremities, as has already been remarked (24). The 
spongelets have not the power of taking i« the smallest 
quantity of solid matter, even in the state of the flnest 
powder; consequently all the nourishment of plants is 
received in the fluid form. They are also incapable 
of selecting the appropriate food of the plant, but ab¬ 
sorb whatever fluid is presented, whether it be food 
that nourishes, or poison that destroys them. 

Some fluids, however, are more readily absorbed than 
others. Water when pure is taken in much more abun¬ 
dantly than the same Ijqiiid containing a small quantity 
of mucilage, although the latter is the more nourishing ; 
and the stronger the mucilage, the smaller the quantity 
absorbed. Water containing a minute quantity of 
arsenic or corro.sive sublimate is promptly absorbed 
until the plant is killed ; but a strong solution of the 
same substances is taken in very slowly. 

De Candolle accounts for these remarkable facts on 
the supposition that the minute tubes of the spongelets 
are soon obstructed by solid matter. The property 
styled Endosmosis, however, oflers a more plausible 
explanation. The spongelets always contain a quan¬ 
tity of mucilage heavier than the fluid which under 
ordinary circumstances composes the food of plants; 
which, being water holding some gaseous, and a. 
minute portion of earthy matter in solution, is there¬ 
fore attracted into the A)Ots by the denser fluid con¬ 
tained 'in the spongelets, or, in other words, by the 
‘power of endosmosis. In accordance •with the law ' 
by which this power acts, as given in the preceding 
section, the denser the ambient fluid, the less will be its 
absorption, and vice versa. The circumstances which 
regulate this absorption will be considered hereafter. 

Roots, it is welllnown, lengthen chiefly by their 
lower extremity: consequently, when the spongelets 
10 
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have exhausted the nourislinient within their reach, they 
harden, and produce new spongelets at tlieir points, 
which extend into a fresh portion of the soil. In this 
manner—a simple result of tijjeir property of elongation 
by the points alone—roots seek after their proper 
food. The roots of trees generally lengthen at the 
same rate as the branches : were it not so, the dense 
foliage would check the growth of the tree by prevent¬ 
ing the rain from reaching the absorbing extremities of 
the roots. Sdme plants indeed draw their nourishment 
from a great distance, having roots many times longer 
than the stem; those of the Luzerne have been known 
to extend more than 30 feet. 

When the elongation of a root is stopped by any ob¬ 
stacle, its apex sends out rootlets in every direction : 
those which meet with a fertile soil and abundant 
moisture elongate rapidly; those which strike into a 
barren soil either perish or grow very slowly. We 
have in this the explanation of the faculty which roots 
seem to possess of roaming in search of nourishment, 
selecting a fertile, and refusing to penetrate a barren 
soil. 

When vegetation is suspended in autumn, the roots 
also cease to grow ; hence this is the best season for 
transplantation. 

69. The proper food of plants is water holding in 
solution a quantity of carbonic acid. 

It is well known that many plants will continue to 
grow in water alone. Boyle and Von Helmont caused 
young willows to grow in a quantity of sand of known 
weight, plentifully supplied with water. When the 
young plants had increased very considerably, they re¬ 
moved them, and, carefully weighing the sand,-found 
that it was not perceptibly diminished. They Inferred 
from this result that the soil only serves to fix a plant; 
and that water alone is sufficient for its nourishment. 
But mof%' careful experiments have demonstrated tliat 
water is not sufficient for this purpose; since plants 
furnished with distilled water in these circumstances do 
not grow. Seeds will germinate,vand bulbs and tubers 
vUl grow very %vell until the nourishment they contain 
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i* exhausted, but no fudher. It tnajbe remarked, that 
nearly all plants which we are accustomed to cultivate 
in water, such as the bulbs of the Hyacinth, &c. live 
upon a stock of nourishryent previously accumulated 
in the root or stem. 

Vegetable tissue in its simplest state is composed of 
three elements—oxygen, hydrogen, and carbon (1); 
pure water contains the first two of these ;^nd the third, 
which constitutes a large part of the bulk of a plant, (as 
may be seen by expelling the other elements from a 
piece of wood, leaving the carbon or charcoal only,) 
cannot be derived from water. To suppose that the 
plant has the power of producing carbon, a simple sub¬ 
stance, is a manifest absurdity, although this opinion 
has been entertained. Sir Humphrey Davy long ago 
ascertained that ro(4s will not take up a particle of 
charcoal in powder; but when the carbon oombines with 
oxygen, aad forms carbonic acid, it is absorbed by 
wafer, and taken in readily by the roots. Water, hold¬ 
ing carbonic acid in solution, is therefore the appropriate 
food of vegetables; young plants supplied with such a 
solution grow rapidly, but with distilled water scarcely 
at all; they grow in ordinary water, because it always 
contains foreign substances, and especially carbonic 
acid, which is derived both from the air and the soil. 

All raani.,' .:s which increase th^ fertility of the soil 
either contain this substance ready formed, or carbon; 
the latter taking oxygen from the air, becomes carbonic 
acid, which is dissolved by water and absorbed by the 
roots. Carbonic acid also exists in the air, and is 
received in small quantity by the leaves; but being 
absorbed by water, it chiefly finds its way into the vege¬ 
table 'through the roots. ‘Water also derives from uie 
atmosphere a small quantity of oxygen and nitrogen 
gases; these are likewise taken into thq plant. The 
oxygen gets into the spiral vessels in some unaccounta- 
Wp manner; for it has been proved by recenlRsbserva- 
tions* that these vessels contain oxygen gas more or less 


* Bischoff, De •vasonat amraliim plant., fide. De CurdoUe, 
PkpsiologU Vegetate, I., p. 84, 
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pure, which is thus transmitted through the interiorofthe 
plant. It is commonly supposed that the nitrogen is of 
no use to the plant; but however this may be, it is an 
essential ingredient of severajL vegetable products. 

70. All the earthy and metallic substances contained 
in the soil, capable of being dissolved by water, are also 
carried into the plant, in quantities which depend upon 
their solubility and their abundance. 

Thus soda is found in marine plants, and potash in 
those which grow at a distance from the sea-shore. 
Some Charas, growing in water that contains a small 
portion of lime, accumulate a large quantity of carbon¬ 
ate of lime beneath the cuticle, forming a thick calcare¬ 
ous deposit. The straw of Wheat and of other Grasses 
contains so much silex, that their ashes are employed 
for polishing metallic substances. The cuticle of the 
common Scouring rush is also filled with minute particles 
of silex. The hard rind of the Battan contains about 80 
parts in 100 of the same material, and will even strik« 
fire with steel. The substance called Tabasheer,* to 
which wonderful properties have been attributed, is a 
eiliceous concretion, which forma in the nodes of the 
Bamboo. 

Some aquatic plants accumulate iron, so that in 
decaying, they leave a sediment of iron-rust in the 
water. Iron is also s'paringly found in most kinds of 
grain, its quantity varying with the nature of the soil; 
the same remark being equally applic->ble to the preced¬ 
ing cases. Copper has been detected in minute quanti¬ 
ties in almost every ])lant that has been tested for it. 
It is said by M. Sarzeauf to constitute in coiTee about 
8 parts in a million, and in wheat about parts in a 
million ; whence it has been 'estimated that the French 
consume every year about 8,000 pounds of edpper in 


» See Brewster, On the the properties and natural history of 
Tabasheer, in the Edinb. Jtmrn. ef Science, XVI., p. 285, (1838). Br. 
Brewster thinks silex is an integral element of the plant itself, and 
not stn accidental deposit, and that it probably performs some im¬ 
portant function in the processes of vegetable life. 

t Jowm. de Pharmaeie, 1830, fide Be Candolle, Physiologi* 
Feget«fe,I.,p.389, ' 
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their bread, and in all Europe about 2,240 pounds are 
consumed in coffee during the same period. 

Many other simple bodies have been found in plants; 
thus iodine exists in Sea-%veeds, being gradually accu¬ 
mulated from the water of the ocean, which contains a 
minute portion. Ch4orine is found in all marine plants, 
phosphorus in the Onion, and sulphur in mustard-seed,* 
in Celery, and in Ginger. * 

Some persons have supposed that the^e mineral sub¬ 
stances were produced by vegetation, and not derived 
from without. This opinion is certainly inadmissible 
so long as their presence can be otherwise accounted 
for. They are dissolved, we may conceive, in a large 
quantity of water, and carried into vegetables indiscri¬ 
minately ; and each species, according to its peculiar 
constitution, retains'a portion of one or more of these 
matters. Thus nearly all plants retain *a quantity of 
potash ; Chara retains carbonate of lime; Wheat a 
small quantity of silex; the Scouring-rush a much 
greater quantity of this substance; and the Pea and 
Clover none at all. The immense quantities of water, 
variously impregnated with foreign matter, which pass 
through a plant, entering by the roots and leaving again 
by evaporation from the leaves, is suilicient to account 
for the presence of all these foreign bodies. A single 
Sun-flower plant, about three feet high, loses during its 
ordinary vegetation about 20 ounces of water a day; to 
supply this loss, at least 30 ounces must be absorbed, as 
about one-third of all the water taken into a plant is 
generally fixed in its tissue. 

■ Sect. III. Of the^ Ascension of the Sap, 

* 71. The nourishing fluid taken in br the roots is 

called the ascending sap, or simply the sap of the 
plant. This fluid, it is well known, is earriell up into 

• The seeds of Mustard and of some other Cruciferous plants 
abound so much in sulphur, that they are unfit for making get Su 
illumination, notwithstanding the large quantity of oil ttey eoB- 
tain. See SiUinum‘i Am. Jew. of Sevenct. 

10 * 




lU NUtRlTIOM. 

the leares, where it undergoes certain changes in com¬ 
position, and is then returned into the bark. 

The sap, when first received into the plant free from 
all accidental mixture, essentially consists of water 
charged with carbonic.acid; but in its passage along 
the stem it usually becomes impregnated with the va¬ 
rious matters ^ meets with in its course, and thus its 
properties arc somewhat changed. These matters are 
commonly gunaj starch, sugar, or some astringent sub¬ 
stance, previously deposited in the stem and now re- 
dissoh'ed and taken into the ascending circulation. So 
the sap of the .Sugar-maple is sweeter when tirawn from 
the upper than the lower part of the trunk : that of the 
Birch is tasteless in the root, but astringent in the 
upper part of the stem. 

72. The 8aj\ rises in the albvrnum or sap-u-ood, and 
with very considerable rapidity and force. If we cut 
across a woody stern when the buds arc about to burst 
into leaf, the sap flows from the whole surface of the 
alburnum, e,spccially from the outermost layers, but not 
at alt from the pith or bark. It not only ascends perpen¬ 
dicularly, but is diffused laterally, exuding freely from 
a shallow wound in the stem. This J?oiftng- of the sap, 
as it is termed, occurs not only at the season of leafing, 
but also at the period of the fall of the leaf. 

The tissue by which the sap ascends seems not to be 
very well determined. The prevalent opinion is that 
it rises chiefly through the woody fibre, but not exclu¬ 
sively ; for it passes laterally, no doubt, by means of the 
cellular tissue. De Candolle thinks that it ascends en¬ 
tirely by the intercellular passages; but if we cut across 
a vine at the period of the flo.ving of the sap, it appears 
to escape by the ducts, whose open mouths arc dis¬ 
tinctly visible^o the naked eye; yet, except at this period, 
the ducts evidently contain air only. 

The Ap rises most rapidly when evaporation frop 
the leaves is greatest, and vegetation is in full activity. 
At this time, there being no accumulation, the sap will 
not flow when the stem is wounded; but if the leaves 
be stripped ofiT, the stem is again surcharged with sap, 
and will flow as in the spring or fall. The celebrated 
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Dr. Hales undertook to measure the force of the ascen* 
sion of the sap by its effect upon a column of metcury. 
He found that the stem of a Vine, not quite an inch in 
diameter, propelled its %ap with a force equivalent to 
the weight of a column of water a little more than 40 
feet high. Wo majr form some idea of this force by 
considering the height to which the saj) rises in our 
loftiest forest trees. 

73. The sap is put in rn.otion by tke expansion of 
the buds, and by evaporation from the leaves. The 
ascension of the sap is not, as is popularly supposed, 
the cause of the leafing of trees, but the effect. A 
slow absorption from the roots beyond the reach 
of cold, continues during the whole winter, and the 
trunk is therefore gorged with sap. Early in the spring, 
the heat of the sun causes the buds yr swell, and to 
attract a part of the 4ap from the tissue in their vicinity. 
The portion thus deprived of its sap is rejdcnished by 
the tissue below, which is in its turn filled by the tis¬ 
sue next below it in the .same way ; and thus the sap, 
which begins to move in the branches, is at length set 
in motion throughout the whole trunk. 

When the leaves open to the light, the snp which they 
contain is concentrated by the evaporation of a great 
part of its water; and being thus rendered irore dense, 
it deprives by endosmosis the tissue below of its thin¬ 
nest portion, which in turn acts in like manlier upon the 
subjacent tissue, and the sap is put into active motion 
quite down to the spongelcts. Evaporation from the 
leaves not only causes the ascension of the sap, but 
also controls absorption by the roots; thus absorp* 
tion. is most rapid during a hot, dry day, when evapo¬ 
ration. is most copious. 


•Sect. IV. Of Digestion, and the Action mf Leaves 
upon the Atmosphere, 

74. The processtof digestion in vegetables consists 
of three parts, which, although they are all carried on 
simultaneously, may be most readily understood by be- 
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ing examined separately. These are—1st the part¬ 
ing with superfluous water by evaporation; 2d. the 
decomposition of the carbonic acid in the sap by the 
aid of solar light, the fixation of its carbon, and the dis¬ 
engagement of its oxygen ; and 3d. the absorption or 
inhalation of carbonic acid from the surrounding atmo¬ 
sphere, Us decomposition in daylight, and its partial 
recompositionfin darkness. This last process is some¬ 
times called vegetable respiration. All these actions 
take place in the parenchyma of the leaves, or in the 
corresponding cellular integument of the stem. From 
them there results— 1st. the ascension of the sap into 
the leaves, which we have already considered; 2d. its 
conversion into the proper nutriment of the plant, aaid 
the increase of the latter in weight and size; 3d. the 
production of the green color of‘leaves and leaf-like 
parts; and 4th.—a most important result in the general 
economy of nature, viz.: the restoration to the atmo¬ 
sphere of the oxygen gas which has been taken from it 
by the breathing of animals, the decomposition of vege¬ 
table matter, combustion, and many other natural and 
artificial processes. 

75. The evaporation of the superfluous water of the 
sap principally takes place through the breathing- 
pores, and its quantity is in direct proportion to the 
light to which the plant is exposed. 

A slow evaporation through the cuticle is in all proba¬ 
bility going on continually from the whole surface, the 
extent of which depends upon the state of the atmo¬ 
sphere as to dryness or moisture. All the evaporation 
from leaves which are deprived of a true cuticle, as 
those of Mosses, is of this kind; but the obvious office 
of the cuticle is to restrain or wholly prevent this e'fiect, 
which it especially does when composed of several 
layers. The leaves of very succulent plants, in which 
the brea|{iing-pores are closed, may be exposed for 
several days to direct sunshine, in midsummer, with 
scarcely any loss of weight. 

If we take three similar leafy plants, and, preventing 
absorption by the roots, place one in direct sunshine, 
another in ordinary daylight, and the third in darkness. 
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it will be found that the first has lost a large quantity 
of water, the second a leas amount, and the third 
scarcely any at all. That this loss has taken place 
through the breathing-pqfes, seems almost certain, from 
the fact, that these only open when exposed to light 
and dryness, their^very hygroscopic mouths imme¬ 
diately closing in the absence of light, so as to check 
further evaporation. The stomata open into the cavern¬ 
ous parenchyma of the lower side of the leaf (51), and 
the thin membrane of the cellules, being directly exposed 
to the air, freely parts with its moisture in a state of 
vapor. This process, therefore, differs in some degree 
from ordinary evaporation, being controlled by the na¬ 
ture of the cuticle and the state of its breathing-pores: 
it has been termed perspiration or transpiration. 

The perspiration rf)f leaves, under the most favorable 
circumstances, is very abundant j some plants lose more 
than their own weiglit in every warm and dry day ; a 
young Sun-flower plant has been known to lose more 
than 20 ounces per day. A cool polished piece of 
metal or of glass, held near the leaves of a Vine, in a 
warm bright day, condenses the escaping moisture, and 
is soon covered with a fine dew. 

Young leaves ]>erspiro the most copiously; after a 
time the foreign substances taken in with the sap choke 
the parenchyma, and the leavek become feeble and 
finally fall off; on this account, leaves require to be 
renewed from year to year. 

76. Leaves in the day-time decompose the carbonic 
acid of the sap, give up the oxygen to the atmosphere, 
and retain the carbon. . 

This is clearly proved by the following experiments 
instituted by Senebier, which have often been repeated 
by othbr observers with the same result. He filled a 
glass jar with air which contained na oxygen, and 
placing in it a fresh leafy branch, the base of which was 
Immersed in water charged with carbonic aciff, exposed 
the whole to direct sunshine. As soon as the branch 
began to wither, it was withdrawn, and fresh ones sub¬ 
stituted. After the'experiment had been several days 
continued, he examined the air in the vessel, and found 
(hat it contained a portion of oxygen gas eqqal to thq 
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qiiantity of this substance the branches had absorbed 
from the carbonated water. The experiment was 
then varied by placing similar branches in an inverted 
jar filled with water; the benches were allowed to 
absorb carbonated water, and were exposed to sunshine 
as before; the result was similar; a quantity of nearly 
pure oxygen gas, being disengaged from the leaves, 
rose to the upjjer part of the vessel. 

By the decomposition of the carbonic acid of the sap, 
plants accumultfte carbon in their tissue, and acquire an 
increase of solidity. This decomposition also causes 
the green color of all the organs in whicb it takes place. 
The greater the exposure of plants to the light, the 
more vigorous is their growth and the deeper the 
green hue of their leafy parts. Plants exposed to full 
sunshine, therefore, have a deeper tint than those that 
grow under the shade of trees. If we cause a plant to 
grow in darkness, the green color will not appear at all, 
and its tissue will be loose and watery; indeed, it will 
consist of little else than carbonic acid and water. In 
our gardens Celery is blanched by covering the stems 
with earth; the oxygen accumulates, and the green 
color disappears, and with it the strong odor and the 
poisonous qualities of the plant. If blanched plants be 
again exposed to the light, they lose their superfluous 
water, give out oxygeh, and again become green and 
solid, acquiring at the same time their peculiar taste 
and odor. Hence it is that in countries where the light 
of the sun is most powerful,—that is, in equatorial re¬ 
gions,—we meet with plants which have the most in¬ 
tense colors, the strongest odors, and the most active 
properties. Direct sunshine is not essential to vege¬ 
table growth, for many plants thrive in the ordinary 
light of day. Nevertheless the vigor and rapidity of 
vegetation is in direct proportion to the intensity of 
the light. 

77. Lettoes, when exposed to the direct light of the 
sun, also take in carbonic acid from the surrounding 
atmosphere and exhale oxygen; in the absence of light 
they inhale oxygen. » 

It is probable that leaves take in a quantity of oxy¬ 
gen, and perhaps also part with a little carbonic acid, in 
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daylight as well as in darkness; but daring the day 
this is more than balanced by the inhalation of carbonic 
acid and the restoration of its oxygen to the air. When 
freshly-gathered leaves «re exposed to direct sunshine 
under water, they are very soon covered with minute 
air-bubbles. The earliest observers of this circum¬ 
stance supposed these bubbles to be liberated from the 
water by the heat of the sun; for whtn leaves were 
placed in water which had been boiled, so as to drive 
off the air held in solution, no air-bubbles appeared. It 
came to be observed by those who examined this sub¬ 
ject more closely, that these bubbles were not common 
air, but nearly pure oxygen gas; and moreover, it was 
found that they were only given off from the surface of 
living leaves. Three conditions are necessary to this 
disengagement of exygen :—1st. the organ must be 
green and living, sityte recently killed ^ut still green 
leaves emit no gas ; 2d. exposure to direct sunshine, 
for neither the clear light of day nor that of the bright¬ 
est lamps produces any effect; and 3d. there must be 
carbonic acid in the water. Dc Candolle contrived a 
beautiful experiment to prove that the oxygen we col¬ 
lect in such cases arises from the decomposition of this 
carbonic acid, and is consequently proportionate to the 
quantity of carbonic acid that^is decomposed. He 
placed in a cistern filled with distilled water, two in¬ 
verted glass jars, one of which was filled with the water 
of the cistern, and had (loating in it a plant of Mint; 
the other contained carbonic acid gas. To prevent ell 
absorption of carbonic acid from the air, the surface of 
the water in the cistern was covered with a thick layer • 
of oil. The whole apparatus, thus arranged, was ex¬ 
posed to sunshine. At first no gas was disengaged from 
the plaYit; but as fast as the water rose in the other ves- 
• sel by the absorption of carbonic acid, it sunk in the 
one which contained the plant, from the disengagement 
6f an equal volume of oxygen. The experiment was 
repeated, substituting oxygen gas in the place of car¬ 
bonic acid ; but in this case no gas was given off from 
the plant. • 

Submersed aquatic vegetables, such as many Pond- 
weeds, are placed under similar circumstances. Having 
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no cuticle, they imbibe carbonic acid from tlic water, and 
give out oxygen by their whole surface; just as fishes, 
by their bronchise or gills, imbibe oxygen and give out 
carbonic acid from the same Element. 

Leaves act on the carbonic acid of the atmosphere 
in the same manner as upon the seme gas dissolved in 
water; if placed in a jar filled with carbonic acid 
and common*air, the former gas disappears, and an 
equal bulk of pxygen is left in its place. In leaves 
protected by a cuticle tliis decomposition is eifccted in 
the cavernous parenchyma of the lower surlacc, and 
the air is admitted and expelled through the breathing- 
pores : this mechanism has been compared to the lungs 
of animals. 

In full sunshine, vigorous plants will thrive in an 
atmosphere containing 12 per cent, of carbonic acid ; 
yet in the shade, a much smalles quantity of this gas 
is deleterious. Plants cannot live in an atmosphere 
deprived of oxygen ; its presence seems to be neces¬ 
sary at all times, but in the night especially leaves ab¬ 
sorb it from the atmosphere, and, combining with the 
carbon of the plant, the action of the day seems to be re¬ 
versed during the night; but the next day this carbonic 
acid is again decomposed by solar light, and nearly all 
the oxygen is restored to the air. The object of this 
alternate absorption and expulsion of oxygen gas is not 
well understood. This inhalation of oxygen ami exha¬ 
lation of a small quantity of carbonic acid wliich takes 
place at the same time, Professor Burnett proposes to 
term the true respiration of plants, deteriorating the air 
like that of animals. The decomposition of carbonic 
acid, which takes place onjy in daylight, belongs, ac¬ 
cording to this view, to the process of digestion. ‘ The 
object of the breathing of animals i.s to get rid' of the 
superabundant carbon; this is effected by its union 
with tha,o.xygen of the air, which is thereby converted 
into carbonic acid. On the other hand the ultimate* 
object of vegetable nutrition is just the reverse, viz.: 
to part with the excess of oxygeg, and to appropriate 
the carbon. 

All the parts of a plant which in botanical language 
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are said to be colored (that is, those which are not 
green, such as flowers, colored fruits, &c.) absorb oxy¬ 
gen from the air at all times, and return to it an equal 
bulk of carbonic acid, bath in darkness and in light. 

As to the influence of vegetation upon the atmo¬ 
sphere, it is obvioiw that plants deteriorate the air by 
slowly taking away oxygen and restoring carbonic 
acid, by their colored parts at all times,*and by their 
green parts during the night. On the other hand, they 
purify the air and render it lit for the breathing of ani¬ 
mals, by taking in carbonic acid, fixing the carbon in 
their tissue, and restoring the oxygen to the atmosphere. 
It is evident that the latter process very much exceeds 
the former, since the general result of the phenomena 
we have described is to increase the quantity of carbon 
in the plant, and add to its growth; and for each parti¬ 
cle of carbon added tp the plant, more than twice its 
weight of oxygen gas is restored to the atmosphere. 
Thus, while the breathing of animals, by producing car¬ 
bonic acid, which will not support animal life, vitiates 
the air, plants purify it again by decomposing this car¬ 
bonic acid, and restoring the oxygen. Vegetation, 
therefore, is a provision on a grand scale for maintain¬ 
ing the world in a habitable state. 


Sect. V. Of the descending or elaborated Juice; 

Secretions, t^c. 

78. The sap, having undergone in the parenchyma 
of the leaves the changes which we have considered in 
the preceding section, no longer consists of water and 
carbn'nic acid, but its elements are now combined in a 
dilTerent manner, so as to form a new fluid immediately 
‘adapted for the nourishment and growth'of the plant 
This fluid is called the descending or elaboijited sap 
or juice. It is carried from the leaves into the bark, 
descending towards the roots through the cellular 
and also the fibrous and vascular tissue; it also flows 
laterally into the stem along the medullary rays. 

That this fluid chiefly descends in the bark is proved 
il 
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by the swelling of Exogenous stems just above a tight 
ligature placed around them. Moreover, if we cut 
into the bark during the summer, the juice flows out 
most freely from the upper edge of the wound. The 
particular route of the descending sap in Endogcns 
is not well determined. • 

The descending juices are of two kinds. The nature 
of the one kind is nearly the same in all vegetables, 
being always bland, and generally containing a great 
abundance of mucilage or sugary matter: this fluidserves 
directly for the growth of the plant, and is therefore 
termed the nourishing juice. The other kind of 
descending juice is the material which forms the special 
products of vegetables, such as the resinous liquid of 
the Pine and Fir, the milky juice of the Lettuce and 
Poppy, &c.: its properties being widely dissimilar in 
diflercnt plants, this fluid has rfcoivcd the name of 
proper juice. The office which the proper jtiices fulfil 
in the vegetable economy is but slightly understood. 
They do not appear to take any direct part in the 
nourishment or growth of plants. 

The nourishing juice is thought to descend chiefly in 
the liber or libro-vascular portion of the bark ; it is this 
fluid, and not the ascending sap, which is analogous to 
the blood of animals. ^ The proper juice is mostly con¬ 
tained in the cellular tissue of the bark, and kept dis¬ 
tinct from the nourishing juice; for all the special pro¬ 
ducts, when mingled with the ascending sap, are more 
or less deleterious to vegetable life, even of the plant 
which produces them. 

• 79. The nourishing juice, being formed from the 

ascending sap by the process of vegetable digestion, 
essentially consists of the elements of water (oxygen 
and hydrogen) and carbon. Besides these elements, it 
sometimes contains a little nitrogen, and minute quan¬ 
tities of.^he mineral substances taken into the plant 
with the ascending sap; but the presence of these last is’ 
in one sense accidental, they being wholly unessential 
to the growth and complete development of the plant 
which contains them. This statement, however, can¬ 
not be made of the nitrogen, which is a true element of 
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several vegetable products. Some mineral substances, 
moreover, if not essential constituents of the plants in 
which they occur, are at least turned to good account; 
as in silex, which give# strength and firmness to the 
stalks of Grasses, the rind of the Rattan, and of some 
Palms, which become hard enough to resist the blow of 
a hatchet. To term the silex in these and similar cases 
an accidental and foreign body, is ceftainly unphilo- 
Eophical and incorrect. , 

We know little of the piccise manner in which the 
nourishing juice produces new fibres, vessels, or cellules; 
the principal facts bearing upon this recondite subject 
are elsewhere stated (7, 12, 41, 42; see also the chapter 
on Flowerless Plants.). 

80. The nourishing juice in its simplest and primitive 
state is mucilage; h substance which results from the 
new arrangement o£ the elements of %ap after it has 
parted with its superfluous water by evaporation, and 
its carbonic acid has yielded its oxygen to the atmo¬ 
sphere. It is essentially composed, therefore, of water, 
or its elements, and carbon. By slight changes in its 
composition, this mucilaginous fluid gives rise to the 
various products or secretions known to be destined for 
vegetable nourishment and growth. These products 
(of which gum, starch, sugar, an,d lignin are the princi¬ 
pal) all consist of the same elements united in nearly 
the same proportions ; they are s'jiontaneously convert¬ 
ible into each other in the living plant, as well as by 
artificial means; oxygen and hydrogen exist in all of 
them in the exact proportion to form water; but we 
know nothing of the manner in which their components 
elements arc united. 

These principles are by chemists usually termed neu¬ 
tral vegetable products, because they have neither alka¬ 
line nor acid properties: from their dbmposition De 
, Candolle calls them hydro-carbonated bodi^; and, on 
‘account of their common convertibility into sugar, 
Prout unites them under the name of saccharine 
principles. 

Of all these nutritive products, gum, or rather muct- 
lage, which is a solution of gum, is the most common. 
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It exists in all plants without known exception; it is 
found in all their organs, above all in the leaves, where 
it is produced, and in the bark; in many plants it 
is very abundant, as in the Mallow, the Sassafras, the 
Linden, the Slippery-Elm, the Cherry, many Acacias, 
and all the trees called gum-trees. » When the bark of 
the Plum or Cherry-tree is injured, or wounded by the 
bite of insects, gum exudes copiously. As obtained 
from the bark of several species of Acacia, it is known 
by the name of*gum arabic. Gum, therefore, being the 
most general of all the products of this kind, as well as 
the only one usually produced in the leaves themselves, 
may be assumed as the type of the nutritious products, 
and the essential element of elaborated sap. Being 
formed in the leaves, it descends in the bark quite to 
the extremities of the roots, a portion finding its way 
into the stem tlirough the medullary rays, and another 
portion, known by the name of cambium, being deposited 
between the wood and bark at particular seasons. 

TheyeZZy which abounds in the Grape, Gooseberry, 
and all acid succulent fruits, is mucilage combined 
with, or modified by the presence of, a vegetable acid. 

A portion of the nourishing juice which enters the 
tissue of the stem mingles with the ascending sap it 
there encounters, and is carried along with the latter 
towards the leaves, furnishing the material for the de¬ 
velopment of buds and all parts that grow in an upward 
direction. 

Another portion is commonly retained in the cellules 
of some part of the stem, root, or other organ, assuming 
the form of fecula or starch. This substance, widely 
as it seems to differ, is gum slightly modified in some of 
its properties, being composed of minute grains, each 
of which has an envelope of a less soluble but otherwise 
similar matter* It is owing to this envelope that the 
grains of starch are not affected by cold water, nor 
mingled ^ith the ascending sap in the tissue of the' 
stem. Hot water converts it into a thick mucilage, and, 
in larger quantity, dissolves it completely. Dry starch 
also, when slightly heated, is rendefed soluble in cold 
water, and when this solution is evaporated to dryness. 
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a substance remains, having nearly all the properties of 
gum. Cold water indeed will slowly convert starch into 
mucilage, if it be previously reduced to a fine powder, 
so as to destroy the insoluble envelope of the grains.* 
Digestion in a weak acid converts starch first into a 
kind of gum, and <hen into sugar. A temperature of 
about 90° Fahr., or the ordinary heat of summer, it is 
well known, also changes a solution "of starch into 
sugar. 

While gum is the ordinary nourishment of plants, 
starch, like the fat of animals, to which it has been 
aptly compared, is nutritious matter stored up in such 
a manner as not to be dissolved in the water of vegeta¬ 
tion, being consumed in supporting the plant at parti¬ 
cular periods. Thus, it is accumulated in the cotyle¬ 
dons or seod-lcaveS (174) of Peas and Beans ; in this 
case forming a magaaine of food for the*support of the 
rudimentary plant, until it has produced a root, stem, 
and leaves. In wheat, buck-wheat, Indian corn, and 
numerous other instances, a quantity of starch, greatly 
exceeding the embryo-plant in size, is accumulated 
around it or deposited by its side, being subser¬ 
vient to the same office as in the former case. 

In tubers, such as the Artichoke and Potato? in rhi- 
zomas, as the Arrow-root plant, ihe Iris, &e .; in cormi, 
as in the Arums, Colchicum, &c.; and in biennial or 
perennial fleshy roots, as the Sweet Potato and Beet, 
the starchy matter is intended for the nourishment of 
young shoots. It accumulates in the centre of some 
Endogenous stems, as in the Sago Palm, in which it is 
a reservoir of food for the leaves. Starch also is accumu¬ 
lated about the summit qf many flower-stalks, where it 
serves as food for the young flowers. 

This substance, whether deposited in roots, stems, 
fruits, or seeds, is most abundant when fhe vegetation 
pf the season is finished, at which time it is soured fbr 
the sustenance of man and animals; it remains station¬ 
ary during the winter, or as long as vegetation is sus¬ 
pended, and rapidlji diminishes when the prgans grow 


• Berzelius, Traite de Chimu, V, p. 199. 
11 * 
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for whose nourishment it was provided. Thus biennial 
plants, such as the Beet and Turnip, produce scarcely 
any stem during the first season of their growth, nearly 
all the nourishing matter the)* create being deposited 
in the root; the next year they draw upon this stock of 
food, rapidly developing stems antk flowers, and when 
the reservoir is exhausted the plant perishes. 

For a similar reason, timber felled in winter contains 
the greatest quantity of solid matter, and is therefore 
most durable. *ln the spring when the trunk is gorged 
with sap, a portion of this solid matter in the form of 
starch is dissolved, being changed into gum or sugar, 
and, carried upwards with the sap, contributes to the 
development of the buds, enabling the plant to flower 
before the, leaves appear; as happens in many forest 
trees, in some biennial and perenni!*! herbs, but never in 
annuals. • , 

In the living plant, gum or starch is often changed 
into sugar. Sugar, in some of its forms, exists in the 
stem of Sugar-cane and of Indian corn, in the root of 
the Beet, and in the sap of the Sugar-maple. It is pro¬ 
bable that starch is always converted into sugar when 
it is taken again into the circulation of the plant. Sugar 
seems to be a highly nutritious food, accumulated for 
the nourishment of flowers and fruit. Thus, in tlie Sugar¬ 
cane it is most abundant just before the time of flower¬ 
ing, rapidly diminishing in quantity during this period. 
The stem of Indian corn, and also the receptacle of its 
fertile flowers, is ^lled during its growth with a sweet 
liquid, which, being mingled with the ascending sap, 
serves for the nourishment of the flowers. A portion 
which is not required for this purpose is deposited in the 
seed around the germ or rudimentary plant, having again 
assumed the form of starch. When the seed grows, 
this store is »gain converted into sugar for the nou¬ 
rishment pf the young plant. So, although chemists can 
only convert starch into sugar, nature readily effects' 
both transformations. 

Lignin, the substance of which the vegetable fibres, 
cellules, and vessels themselves lire formed, results 
from the final organization of the nourishing juice. 
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Its composition accordingly is very similar to that of 
nutritious principles just described, from which it dif¬ 
fers chiefly in its insolubility and in having a greater 
quantity of carbon in i*s composition. All the other 
principles of this class finally arrive at the state of lig¬ 
nin. If, as is mosU probable, this substance is formed 
from mucilage by the loss of water or its elements, 
and the consequent increase of carbon, we are ena¬ 
bled to understand why the parts of vegetables which 
are most exposed to light and air harden most rapidly, 
and why the timber of trees growing in open places 
is more durable than that of the same species growing 
in dense forests. 

Lignin, being the most' stable of the vegetable pro¬ 
ducts, undergoes no further change in the living plant. 
Like starch, howewer, it may be transformed into gum 
or sugar by the actioj:i of chemical agente. The differ¬ 
ent kinds of wood consist of from ninety to ninety-six 
percent, of lignin; itisobtained nearly pure by digesting 
saw-dust or the cuttings of wood successively in alco¬ 
hol, water, and dilute muriatic acid, until all soluble mat¬ 
ters arc taken up. If the substance thus prepared be 
mixed with a quantity of strong sulphuric acid, it is 
converted into a mucilaginous, soluble mass, which, 
when the excess of acid is removed by the proper agents, 
is found to be nearly pure gum.** The quantity of gum 
formed in this way is said to be equal in weight to the 
lignin employed. If the digestion be continued longer 
and aided by a moderate heat, the mpcilage disappears, 
and a kind of sugar similar to that of grapes is produced. 
Braconnot, to whom we are indebted for these important 
discoveries, succeeded in preparing fine sugar from straw, 
bark, old linen, and other substances which contain much 
woodj*- fibre. Moreover, Autenrieth, a German che¬ 
mist, has quite recently shown the practicability of 
converting lignin into an article of food. Wood, in his 


» According to Raspail, who supposes lignin to consist of gum 
combined with a saline or calcareous base, sulphuric acid recon¬ 
verts this substance into gum merely by uniting with this earthy 
base.—See Nouveau systime de Chimie Organigue, p. 313. 
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process, is reduced to a coarse powder and digested for 
some time in water to remove all soluble substances; 
it is then baked, reduced to a fine pow der, and made 
into loaves, a small quantity fiour being added to 
render it coherent, and again baked; when it becomes 
according to Aiitenrieth’s account a pleasant and nutri¬ 
tious article of diet, very similar to bread made from In¬ 
dian corn. Isthe lignin simply rendered more soluble, 
or is it converted into some other principle by this pro¬ 
cess? Or, as Berzelius* intimates, does the gastric juice 
cause it to undergo changes analogous to those produced 
by sulphuric acid? 

81. It was stated in the preceding section that the 
green color of the leaves and leaf-like parts of plants 
results from the decomposition of carbonic acid and 
the disengagement of oxygen. TheTnatter to which this 
color is owing has received the na/ne of Chromule (5). 
It consists of minute grains of green matter adhering 
to the inside of the cellules of the parenchyma where 
it originates; it has not been ascertained whether it 
results from the nutritive or proper juices of the plant. 
This substance in its dificrent states is the general 
coloring matter of leaves and all leaf-like organs; 
being usually green in leaves, except they languish 
from disease and give pff oxygen sparingly, when the 
chromule assumes some shade of yellow or red. The 
change of color is supposed to be owing to the action 
of oxygen upon the chromule. These changes are 
very striking in oar forest-trees during the frosts of 
autumn. Some leaves are colored while in a healthy 
state, by the oxydation of the chromule from some 
unknown cause: of this kind .are the deep-red floral 
leaves of Castilleja coccinea,? and of some species of 
the Sage. Leaves are blanched when excluded from 
the light, theif chromule being decomposed by the 
abstraction of carbon. 

The e&nLAf flowers are also supposed to depend* 
Hpon t ^gjj|||y i>^ns of the chromule, an accumulation 
of oxivMiP^^oing red, with all, its shades, and an 


p. 126. t Enchroma, Nvtt. 
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excess of carbon giving rise to blue, yellow, and all 
the tints of that series of colors. 

82. Little is known concerning the office of the pro¬ 
per juices in the econdhiy of plants. They consist, 
like most other vegetable products, of carbon, hydro¬ 
gen and oxygen, but the two latter elements are not 
present in the exact proportions to form water; some¬ 
times the oxygen, but more frequently the hydrogen, is 
in excess: some proper juices also contain nitrogen. 

Proper juices are of two kinds, viz.: those which 
naturally find their way out of the plant, and those 
which arc formed and stored up in its interior. The 
substances destined to be thrown out from the surface 
of the plant are termed excretions. They are usually 
formed in a ’ittle apparatus called a gland (18), but 
often no peculiar contrivance for their production can 
be perceived. Some .glands excrete an’aromatic sub¬ 
stance, usually a volatile oil, which gives the plant its 
peculiar odor. The stems and flower-stalks of the 
Fraxinella of gardens, particularly the red-flowered 
species, arc covered with little glands which excrete a 
volatile oil, giving the plant its powerful balsamic odor. 
This excretion is so abundant that at the close of a 
warm and dry day in summer it will take fire by the 
ap])lication of a lighted taper, producing a bright flash 
which does no injury to the plant"! 

Glutinous excretions are produced by the stalked 
glands of the fruit and young branches of the Butter¬ 
nut, the flower-stalks and calyx of llybus odoratus, and 
the little glands mounted on the tips of the stout hairs 
of the Drosera or Sundew. A similar glutinous mat¬ 
ter covers the branches of the Clammy Locust {Rohi- 
nia viscosa), and also the scales of many buds. {Ex. 
.tSlsculfis, Populus.) Those glands furnished with hol- 
•low bristles or stings through which the'juice exudes, 
contain an acrid and poisonous liquid which flows out 
■through the sting when the gland is pressed upon: 
the stings of the Nettle {fg. 15, c.) are of this kind. 
Acid excretions are not uncommon. The berries of 
the common and th*e smooth Sumach {Rhus typhina 
and glabra) are covered with a very sour excretion 
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which has been proved to be malic acid : the leaves of 
Uralepis aristulata, a common grass of the sea-coast, 
also produce drops of a sour liquid. 

To protect them against tllb effects of moisture, the 
surface of some plants is covered with a wax-like pow¬ 
dery efflorescence, which gives them a. glaucous appear¬ 
ance, as is seen on the leaves of the Cabbage or Rasp¬ 
berry, and th^ fruit of the Plum, where the true color 
is masked by^this whitish powder. The fruit of the 
Bayberry (Myrica cerifer-a) is furnished with a thick 
layer of vegetable wax, which may be collected in large 
quantities by throwing the fruit into boiling water, 
when the wax melts and rises to the surface; it is used 
for making candles and for other purposes, and is popu¬ 
larly supposed to possess medicinal virtues. Some 
aquatic plants have a thick coverihg of clear mucilage, 
which protects them from the undue action of water. 
Every part of the Water-shield (Hydropeltis purpu¬ 
rea), which abounds in the shallow water of lakes 
and ponds, is covered with a thick and transparent 
jelly, except the upper surface of the leaves which are 
exposed to the air. 

The excretions which are deposited in the soil by 
the roots have been noticed in another place (25). By 
these excretions principally, vegetables are enabled to 
rid themselves of the useless or noxious substances 
continually taken in with the ascending sap. 

83. Those proper juices which are formed and 
retained in the interior of the vegetable, and do not 
naturally find their way to the surface, are termed true 
premer juices or secretions. 

These fluids are not common to all plants, but are 
confined to particular species or to special organs. 
They are likewise kept in closed vessels or cellules, so 
that they are'not liable to mingle either with the nour¬ 
ishing jujee or ascending sap. Their office in the vege¬ 
table economy is a matter of conjecture; they do not con¬ 
tribute to the process of nutrition, since they act as poi¬ 
sons when absorbed by the roots of living plants, even 
of those which have produced them. The composition 
of these fluids is more complex than that of the nour- 
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ishing products; they are not mutually convertible 
into each other; they usually contain a greater propor¬ 
tion of carbon; and they nearly all consist of two or 
more distinct principles •which may be readily sepa¬ 
rated. They require for their formation considerable 
heat and a full supply of light; so they are seldom 
formed in the shade, and always attain the greatest 
perfection in tropical climates. • 

We may arrange them under the heads of milky 
juices, resinous juices, volatile oils, and^xed oils. 

1. Milky juice, when met with in any tribe of 
plants, may be expected to occur in every species of 
the family; but there a few exceptions to this rule. 
It is found in all the Asclepiadea: or Milk-weed tribe, 
in all the Poppy tribe, and in that section of Compo- 
sitas which comprises the Lettuce. 

Milky juice is usually white, yet it is brange in Ce¬ 
landine {Chelidonium majus) and the Gamboge-tree, 
and pale red in the Banguinaria or Blood-root. These 
iluid.s arc principally contained in the bark, commonly 
of the stem, but sometimes of the root also, and when 
this is wounded they flow out copiously from both 
sides of the incision. 

This juice consists of fine particles of resinous and 
other matters half-dissolved, or rather suspended, in a 
mucilaginous fluid; it usually exists in such a state of 
concentration that the juice soon solidifies on flowing 
out of the plant, forming the class of substances 
known by the name of gum-resins. They comprehend 
several substances highly valuable both in medicine 
and the useful arts. Thus, opium is the concrete milky 
juice of the Poppy, and that of the Lettuce is very simi¬ 
lar in'its properties; gum ammoniac, galbanum, and 
assafmtida are yielded by as many species of umbelli¬ 
ferous plants; aloes is furnished by several species of 
the Aloe, scammony by a species of Coni^lvulus; 
siid the famous Cow-tree of South America, which 
yields a copious supply of a wholesome and nourish¬ 
ing milk, belongs to the Bread-fruit tribe (Artocai^ 
pete), which abounds in milky juice. The Upas of 
Java, the most deadly poison in the world, is sup¬ 
posed to be furnished W a tree of the latter family. 
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Some kinds of milky fluid contain a large quantity of 
opium, and are therefore termed narcotic milky juices, 
as in the Poppy, Lettuce, &c.; in which the soporific 
qualities are due to the presence of one or more vege¬ 
table alkaline principles. Others abound in Caout¬ 
chouc or India rubber: this is contained in the juice of 
the Milk-weed and all Asclepiadeous and Apocyneous 
plants, especi^ly in tropical climates; an elevated tem¬ 
perature and strong light being requisite to the abun¬ 
dant production of this substance. The East India 
caoutchouc is the product of Urceola elastica and 
several other Apocyneous plants, and also of Ficus 
elastica, which belongs to the Bread-fruit tribe. The 
American caoutchouc is chiefly obtained from several 
Euphorbiaceous trees. 

Milky plants are almost always^acrid or poisonous: 
the acridity, h\)wevcr, is sometimes dissipated by heat, 
or the noxious juice may often be extracted from the or¬ 
gan that contains it by strong pressure, leaving the nutri¬ 
tious starchy matter in a wholesome state; as the Cas¬ 
sava-flour or tapioca, so extensively employed in place 
of bread in South America and the West Indies. This 
substance is prepared from the roots of Janipha 
Manihot'(Jatrop/ta, Linn.), an Euphorbiaceous plant, 
its virulent juice being extracted in the manner just 
mentioned. Noxious plants of this kind are often 
wholesome when quite young, before they have had 
time to elaborate milky juice. Thus, the early leaves 
of the Lettuce are, used as a salad ; and the young ver¬ 
nal shoots of the common Milk-weed (Asclepias Syri- 
oca) are often employed as a substitute for Asparagus. 
As the milky juice descends in the cellular integu¬ 
ment, the wood and the fruit of such plants may be 
harmless, while the bark of the stem or root is'highly 
poisonous. ‘ 

2. Ruinous juices, consisting of resin dissolved in 
an essenti«l oil, abound in several orders of plants?’ 
especially in the Coniferae or Fir tribe. They are in 
the trees of this family deposited in the intercellular pas¬ 
sages of the bark and wood, where by their weight they 
form irregular cavities or cysts often of very conside- 
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rable size. The juice, as it exudes from the wounded 
trunk of Pines or Firs, is called turpentine. Its pro¬ 
perties vary, and it is known under different names as 
obtained from different species. All these juices consist 
of one or more resins and an essential oil, called oil of 
turpentine, which jnay be separated by distillation. 
The common European Larch yields Venetian tur¬ 
pentine ; Canadian balsam, which has a fragrant and 
agree.able odor when warmed, is yielded by the Balsam- 
Fir (Abies balsamea). • 

The true balsams are natural compounds of resin 
and benzoic acid, flowing from incisions made in the 
trees which contain them in the same manner as tur¬ 
pentine from the Pine. Some remain liquid,* as the 
balsam of Tolu; a few, such as benzoin, are solid. 

3. Volatile oils. .Volatile or essential oils are met with 
in nearly all odoriferous plants, giving th^m by their vo¬ 
latility their peculiar'odor. They are found only in the 
foliaceous or cortical system of plants, in some of which, 
such as the Thyme, Mint, and other Labiate plants, 
the same kind of oil is dispersed throughout their 
steins, leaves and flowers. In other plants the leaves, 
flowers, or fruits alone contain volatile oil. Thus the 
peculiar aroma and flavor of the fruits (commonly 
called seeds) of Umbelliferous plants, such as the Cara¬ 
way, Coriander, Anise, &c., arc^wing to the presence 
of several oblong bags or reservoirs of volatile oil 
in their rinds. The peculiar oil of the Rose (called 
otto or attar of roses) exists in the flowers only. 
Sometimes different parts of the skme plant contain 
different kinds of volatile oil. Thus the Orange fur¬ 
nishes three kinds of volatile oil, one of which resides 
in the leaves, another in the flowers, and a third is 
confirred to the rind of the fruit. 

Volatile oils are generally producecLand stored up 
in little receptacles or vesicular glands (IS, fig. 11.) 


• The resinous juice of the Sweet-Gum tree (Lignidamhar 
stryracifiud) is by some authors said to be a balsam. See Berze¬ 
lius, Traite de Ckira. \., p. 464. It is, however, rather a sort of 
turpentine; Prof. Torrey haring ascertained that it contains no 
benzoic acid. 
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which are evident to the naked eye in the leayes and 
petals (114) of the Orange and Lemon, and also in the 
rind of the fruit. These little cells, being more translu¬ 
cent than the other portions of the leaves or petals, give 
the latter, when held against the light, the appearance of 
being punctured with numerous fine, holes : hence these 
are said in botanical language to be pellucid-punctate. 
Some Hypericums exhibit transparent dots; in other 
species these are opaque and dark-colored, being filled 
with a colored liquid. Wc are wholly ignorant of 
the U.SC of volatile oils in the vegetable economy. 
They are composed of two principles intimately 
combined but capable of being separated by arti¬ 
ficial means, viz.; a highly odorous and fluid portion 
called elaiodine, and a crystalline or concrete, some¬ 
times inodorous, substance termed, stearoptine. The 
latter element cn many essential oils (especially of La¬ 
biate plants) very much resembles camphor; and De 
Candolle suggests that true camphor is the stearoptine 
of the essential oils of the Laurels, &c., which yield 
this substance destitute of elaiodine. 

4. Fixed oils are usually met with in seeds; in the 
Olive tribe alone it abounds in the fruit. Of all seeds 
those of Cruciferous plants are most rich in fixed oil, 
some of them yielding from one to two thirds their 
weight of this product. Next to these we may rank 
the seeds of the Butternut, the Beech, &c. among Amen- 
tacese; among Leguminous plants those of the Pea-nut, 
Cotton, &c.; and among Rosaceous plants, the Almond. 
In all these cases the oil is contained in the cotyledons 
(174). In the seed of the Poppy, which yields about one 
third its weight of oil, and that of the Castor-oil plant, 
{Ricinus communis), the oil is contained in the albu¬ 
men (173). 

Fixed oils are almost wholly composed of two ele¬ 
ments only, viz.: hydrogen and carbon. That they are 
not sim^e vegetable principles, chemists have long- 
known : they consist of a fluid substance called oleine, 
or elalne, and another principle which is solid at ordi¬ 
nary temperatures, resembling suet, and therefore termvd 
stearine. We shall not pursue further the chemical or 
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the natural history of the fixed oils; for, although ex* 
tcnsively useful in the arts, they do not especially 
interest the botanist. 

Volatile oils are genertilly obtained by distillation,— 
fixed oils by pressure. During the germination of the 
seed, the latter are uipposed to be changed into muci¬ 
lage, and accordingly to contribute to the nourishment 
of the young plant. • 

We have very briefly noticed the principal secretions 
with which the botanist is interested, Seing those that 
appear to play the most important part in the vegeta¬ 
ble economy. There yet remains another class of pro¬ 
ducts, which have, so far as we know, little connection 
with vegetable nutrition, and though ibiind indiflerently 
in the various parts of a plant, have no special organs for 
their production or* reception. ‘ These principles arc 
very numerous, althq,ugh we are probably acquainted 
with but a small part of the true number furnished by 
the vegetable kingdom. They may be arranged under 
the heads of acids, alkalies, neutral principles, resin- 
like principles, and coloring principles. 

The consideration of the nature and properties of 
these products is the province of vegetable chemistry. 
Even their enumeration would exceed our limits; for 
almost every plant that has been examined for this pur¬ 
pose, is found to present one or ‘more peculiar princi¬ 
ples. We subjoin, therefore, a mere catalogue of the 
most important and best known principles of this class, 
under the sections just indicated, . 

I. Acidu. 

Oxalic acid exists in Sorrel and many Lichens. 

Malic ' “ “ apples, gooseberries, &c. 

Citric “ “ lemons, the cranberrf, &c. 

.Tartaric " “ grapes. This acid and th^two pre- 

' ceding are converted into sugar 
during the ripening of fruits, and 
, might therefore have been ranked 
* wiui the nutritive products. 

Acetic •' " ■ the sap of many plants, 
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Meconic acid exists in opium. 

Tannic “ “ the bark of trees. 

Gallic “ “ gall-nuts and the bark of trees. 

Kinic “ “ the bark'Vif Cinclionaceous plants. 

Benzoic “ “ Balsams and sweet-scented Grass. 

^^Prussfc*)**^ I " Peach, Cherry, Almond, &c. 

II. AtKAHES.t 

Narcotina \ *** milky juice of the Poppy. 

Sanguinarina exists in Sanguinaria or Blood-root. 
Strychnia “ the juice of Apocyneae. 

Quinia > “ Peruvian bark, and that of other 

Cinchonia ) Cinchonaceous plants. 

Veratria ^ “ Veratrum, Colchicum, &c. 
Nicotia “ Tobacco. 

Picrotoxia “ Coculus Indicus. 

Solania “ the berries and stems of several 

species of Solanum. 

III. Neutkal Principles. 

Gluten exists in the grain of Wheat, Rye, Barley, &c. 
Asparagine “ the stems of Asparagus and Liquorice. 
Bassorine “ Salep, the roots of Orchideae, &c. 

Caffeine “ Coffee. 

IV, Resin-like Principles. 

Elaterine, ) exists in the fruit of Memordica Elaterium 
orElatin J and other Cucurbitaceous plants. 
Jalapine exists in the Jalap and other Convolvulaeeous 
plants. 

Abietine h Conifers:. 

Gcntianine “ the Gentian. 

This Section is not well distinguished from the prc.- 
ceding. 

* Anthoxaathum odoratom and Hierochloa fragrans. 
t The ve^table alkalies are all composed of four elements, viz,: 
oxygen, hydr<^en, carbon, and nitrc^en. 
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V. CoLORiNo Principles. 

Hsmatine is the coloring principle of logwood. 
Bresiline “ • “ of Brazil wood. 

Indigotine exists in all the species of Indigofera, in 
•Woad, and many other plants of 
different families. 

Polychroite “ the Saffron {Crocustsativus). 

Alizarine “ the Madder-plant. 

Chromule “ the general coloring'matterof leaves 

and flowers (81). 


Sect. VI. Of the special Directions and sensible 
Movements of the Organs of Plants. 

• 

84. The uniformity in the directions* taken by the 
several organs of plants, is one of the most remarkable 
yet least observed phenomena of vegetable life. Per¬ 
sons unaccustomed to reflect upon occurrences familiar¬ 
ized by daily observation, hardly conceive that there is 
anything wonderful or mysterious in the perpendicular¬ 
ity of stems, the downward growth of roots, and the 
turning of leaves and branches towards the light. The 
attention of vegetable physiologists, however, has often 
been directed to these circumsta*nces; but their imme¬ 
diate causes have not in all cases been very clearly 
made out. 

The tendency of the root to descejid and of the stem 
to rise in the contrary direction, is strongest in a young 
plant just growing from the seed; being then invariable, 
whatever may be the position of the seed and the nature 
of the surrounding medium. It is well known, that 
when ‘a seed is placed in the ground in an inverted 
position, the radicle or rudimentary roof makes a turn 
to bury itself in the earth; and if the plant be^ second 
time inverted shortly afterwards, both the young root 
and stem again turn, each assuming its original direc¬ 
tion. The law of gravitation offers a ready explana¬ 
tion for the descent of the root; the greatest di^cnlty 
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being to account for the ascenaion of the stem in direct 
opposition to the force of gravity. 

As light exerts a marked influence over the growth 
of stems, and not upon rooti, which on the contrary 
grow most rapidly in darkness and humidity, it might 
be supposed that the latter descend or remain in the 
soil because they are attracted by moisture, and that 
the former rise into the air by the influence of light. 
To test the truth of this supposition, Dutrocliet filled a 
box with moist earth, the bottom being pierced with 
many holes, in which he placed seeds of the kidney- 
bean; the box was then suspended in the air about 18 
feet from the ground. The seeds being thus situated, 
it should follow if the young stem is attracted by the 
light and the root by moisture, that the former should 
shoot downwards into the air, and the roots upwards 
into the moist earth. This, however, did not take place, 
but on the contrary the radicles descended into the at¬ 
mosphere, where they soon dried up and perished; and 
the stems ascended vertically, forcing themselves into 
the earth. He placed some of the little plants so that 
the root pointed directly upwards into the soil, but in¬ 
stead of fixing themselves therein, their points turned 
round and grew in the o))positc direction. He accumu¬ 
lated a very large mass of earth above the seeds, but 
the result was the same as before; proving that the 
stem is not attracted by air or light, neither is the 
radicle repelled by light or attracted by moisture.* 

That the radicle is not at all attracted by humidity, 
was more directly proved by Dutrochet in another ex¬ 
periment. He suspended in a bottle a small cup filled 
with water, containing also a piece of sponge so placed 
as to present a flat vertical surface. He then suspelided 
within the bottle, by a slender wire, a germinating bean, 
bringing the 'radicle as near as possible to the vertical 
face of t^e sponge without touching it. In this case, if 
any affinity existed between the root and the moisture 
of the sponge, a slight turn of the apex of the former 

• Dutrochet, Becherch. sur la ftruet. intim des animaux et veg., tt 
stir Uur motilite (1824), p. 95. 
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would have brought them into contact. The radicle, 
however, grew perpendicularly, manifesting no ten¬ 
dency to turn towards the sponge. The damp atmos¬ 
phere furnished moisturl sufficient for the production 
of many lateral rootlets, of which those arising from 
the side next to it penetrated the sponge; whereas the 
other rootlets, though very close to the moistened 
sponge, showed no tendency to approach it. 

Mr. Knight, repeating in an improve^ form an expe¬ 
riment devised by John Hunter, was the first to suggest 
the true explanation of the vertical growth of stems and 
roots, viz.: the force of gravitation and the peculiar 
mode of development of these two organs. Mr. Knight 
proceeded to test the theory he had conceived, by 
abstracting germinating seeds from the influence of 
gravitation, at the same time submitting them to another 
power which acts in a^similar manner. He constructed 
a water-wheel, upon the circumference of which a quan¬ 
tity of moss was fastened. In this moss seeds of the 
garden bean were placed, and by means of a stream of 
water, which served also to moisten the seeds, the 
apparatus was made to revolve vertically at the rate of 
1-30 limes in a minute. In this rapid revolution the 
seeds were subjected to the centrifugal force alone, 
which acts like the power of gjavitation, but in the 
opposite direction. After some days the wheel was 
stopped, and on examining the growing seeds it was 
found that, in obedience to this force, the stem and root 
of each rudimentary plant had taken the direction of the 
axis of rotation, the root being turned towards the cir¬ 
cumference and the stem towards the centre of the 
wheel. This interesting experiment was varied by 
causifig a similar wheel to revolve horizontally; and 
the result was, that when the wheel revolved with 
"moderate velocity, the roofs were direefed obliquely 
downwards and outwards and the stems obliquely up¬ 
wards and inwards, in obedience to the centrifugal 
force and the power of gravitation, acting in this in¬ 
stance at right angles to each other. The more rapid 
the revolution of the horizontal wheel, the nearer do 
the roots and stems approach that direction; but when 
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the wheel is made to revolve slowly, the force of gravi¬ 
tation preponderates, and the young plant grows nearly 
in a vertical direction. These experiments were re¬ 
peated by Dutrochet with a more complicated appara¬ 
tus moved by clock-work, and always with similar 
results. ' 

These experiments appear to demonstrate that gravi¬ 
tation is the ctiuse of the vertical direction of the root 
and stem, in the commencement of their growth. But 
how is it that the same force acting constantly in one 
direction causes the stems to rise, whilst the roots 
descend? The answer to this question, Mr. Knight 
thinks, is to be found in the difference of the mode of 
elongation in the two organs, viz.; roots lengthen by 
addition of new matter in a soft or half-iluid slate to 
their distant extremity only, and thfey therefore descend 
simply by the force of gravitation; young stems on the 
contrary grow by the increase of parts already formed, 
the elongation taking place throughout their whole 
length ; they accordingly from their first development 
have a disposition to take the opposite direction. This 
perpendicularity is continued by a necessary conse¬ 
quence of the growth of stems. If from any cause the 
young shoot acquires an obliquity while yet beneath 
the surface of the soil, the juices accumulate on the 
lower side, which therefore tends to elongate fastest, 
and thus restores the erect position. 

If this explanation of the perpendicularity of stems 
be true, it follows that when in a germinating seed the 
roots happen to point directly upwards, and the stem 
directly downwards, the plant sliould grow in this direc¬ 
tion, although, being in a state of unstable equilibrium, 
the slightest deviation from a vertical line would cause 
its inversion. An instance of this kind is mentioned by 
De Candolle. In furthercunfirmation of this view he also 
caused,i^ie flower-stalk of a Hyacinth to shoot vertically 
downward .under water, and to produce its flowers in 
^is direction. 

Some parasitic plants, such as, the Misletoe, furnish 
only real exceptions to this rule ; these strike 
ots into the stems of other plants, and always 
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grow at right angles with the stem to which they are 
fixed, obeying the attraction of the body on which they 
grow, rather than that of the earth. The nature of the 
body does not affect the result in the case of the Misle- 
toe ; since even if the seeds be made to germinate on the 
surface of a cannon ball, the roots will all be turned to¬ 
wards its centre.* 

85. The young stem having emerged* from the soil, 
becomes subject to the action of anotlt^r power, viz. 
light, which exerts an important influence upon its fu¬ 
ture direction. It is well known that a plant, placed in 
an apartment lighted from a single aperture, constantly 
deviates from the perpendicular position by turning its 
stem and branches towards the opening through which 
the light is admitted. 


♦ This attraction, however, is inflaenced by the mass of the 
body; for when Dutrochet caused a seed of Misletoe to germinate 
on a slender thread, the radicle showed no tendency to fix itself to 
that substance. He made another interesting experiment which 
deserves to be recounted here. “ I glued,” says Dutrochet, “ a 
germinating seed of the Misletoe to one end of a delicate copper 
needle mounted upon a pivot, a little ball of wax being placed as a 
counterpoise at the opposite extremity. I then placed by the side 
of the needle thus prepared, a small block of wood at the distance 
of about a millemetre (nearly half a line) from the radicle. The 
apparatus was next covered with a glassehade, so that no external 
cause could influence the needle. In five days the embryo-plant 
began to bend, and to direct its radicle towards the piece of wood, 
the needle not changing its position, although it was extremely 
moveable. In two days more the radicle wa^directed perpendicu¬ 
larly to the block, the point being in contact with it, and yet the 
needle had not moved in the slightest degree.”—See Dutrochet, op. 
cit., mr Motilite des vegetaux, p. 105. 

An account of the .several precautions necessary to insure per¬ 
fect aceuracy in this experiment is given in the work from which 
the above passage is translated. From this and analogous experi¬ 
ments, Dutrochet infers that attraction, as acting u^n inert bodies, 
Is not the immediate cause of the special direction of the radicle, 
since in the preceding experiment, an exterior force jmpable of 
pVoducing this inflexion would much more readily hav^hanged 
the direction of the needle; but that attraction is the “ cause medi¬ 
ate ou occasionelle ” of the phenomenon; the movement being due 
to an inherent power oj the plant, put in action by an external 
agent. He further concludes, “ que les mouvements visfiiles des 
v£g4taux sont tons des mouvements spontanis, ex£cut4s & I’occasion 
de I'infiuenced'nn agent extirienr, et non des mouvements imprvmes 
par cet t^ent.”— lac. cit. p. 101 
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The same tendency exists in the open air, where 
light being equally diffused around stems is a powerful 
cause of their perpendicular growth. Light also insures 
the spreading of branches, \^ich are uniformly so dis¬ 
posed as to have the greatest possible exposure to its 
influence. Thus, the uppermost branches of a tree are 
nearly erect; the lower ones extend somewhat horizon¬ 
tally until they reach beyond the shade of the upper¬ 
most, and then curve upwards. If the foliage be quite 
dense, the lowermost branches are turned downwards 
at their origin from the stem. All their subdivisions 
also diverge from each other at their origin, and finally 
turn upwards, unless (as in the Weeping Willow) they 
are too slender to support their own weight. When a 
tree is trained against a wall, its young branches mani¬ 
fest a strong tendency to turn in dVi opposite direction, 
towards the Ifght. 

These phenomena have been considered as the result 
of vital action, and therefore incapable of further ex¬ 
planation ; but all the facts here noticed chiefly result 
from the operation of a single cause, acting in a simple 
manner, viz.: the property which light possesses of fix¬ 
ing carbon in the tissue of green parts (76). That side 
of a stem or branch which has the greatest exposure to 
light decomposes most carbonic acid, fixes the largest 
quantity of carbon in its tissue, and consequently solidi¬ 
fies soonest; on the other hand the shady side, which 
accumulates a smaller quantity of carbon, solidifies more 
slowly, and accoidingly has the power of lengthening 
in a superior degree. The unavoidable consequence of 
this is, that the stem or branch curves round towards 
the side which soonest solidifies and loses the power of 
elongation, or in other words, towards the strongest 
light. 

This effect is only observed in the green parts of 
plants,,.^ which alone light has the power of fixing 
carbon by the decomposition of carbonic acid. Whdn 
the green color of branches disappears, their direction 
it no longer influenced by light. , Roots, which do not 
ecome green in sunshine (as is seen in those growing 
bnwater), exhibit consequently no disposition to ascend 
when exposed to light and air 
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Some stems creep underground (29) beyond the 
reach of light, and accordingly have the white color 
and much the appearance of roots, showing little up¬ 
ward tendency so long 8s they remain in this situ¬ 
ation ; but whenever exposed to the light they first 
acquire a green hue and then exhibit the same upward 
tendency as other stems. Hence it is inferred that 
stems do not ascend merely because they«re stems, but 
because they are colored green by solar Jight, and that 
roots do not ascend because they are incapable of ac¬ 
quiring a green color. Dutrochet, in causing some 
seeds of Mirabilis Jalapa to germinate in damp moss, 
observed that the tips of the roots had a slight tint of 
green; he was thus furnished with the means of testing 
the foregoing view, and on exposing them to a beam of 
light found in the coarse of a few hours, that all the 
roots with green tips v^ere pointing towafds the place 
from which the light proceeded. No change in the 
direction of colorless roots could be produced by these 
means. The exposed stems of several plants are well 
known to emit aerial roots, which sometimes acquire 
a pale-green color, and when this happens they may 
be made to grow in an upward direction; but when 
colorless they invariably point downwards. 

No satisfactory explanation ha^ yet been offered 
concerning the twining of voluble stems, or the coiling 
of tendrils. 

8G. The upper surface of leaves is always presented 
to the sky, and the lower to the earth ^ if this position 
be artificially reversed, the petioles twist so that the 
leaves recover their usual direction, or if this be pre¬ 
vented they soon perish. There is always a difference 
in the‘structure of the two surfaces of a leaf, as is 
shown ih Jig-. 37., and on account of the^ature of 
this diversity the upper surface is more deeply colored. 
This is supposed to explain the cause of the^jpper 
surface turning to the sky or light. When both sur¬ 
faces are colored alike, the leaf is usually erect, as in 
the Iris, the Flag, anj) many Grasses; and when the 
lower surface has the deepest hue (which is the case 
in some Grasses), the leaf twists so as to present that 
surface to the light 
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According to Dutrochet, the same law influences the 
directions of petals, the most highly-colored surface be¬ 
ing presented to the light. Thus in the Pea, the inside 
of the standard and of the w'lngs (118) is most deeply 
colored, and accordingly the standard is folded back 
and the wings or side petals a>« partly twisted, so 
as to present the higher-colored surface to the light. 
There are, hwwever, some seeming exceptions to this 
rule. , 

87. The leaves of many plants change their direc¬ 
tion in the absence of light. The apparent drooping or 
folding together of leaves during the night, as if in 
repose, was termed by Linnaeus, in his usual poetical 
style, the sleep of plants. This phenomenon is best 
observed in the pinnated leaves of the Legumino.s8e or 
Pea tribe. Soon after sunset the leaflets of the com¬ 
mon Locust '(Robinia Pseudacapia) turn downwards as 
if drooping; they keep this position until morning, 
when they reassume their horizontal position. Those 
of many Cassias droop in dull or cloudy weather as 
well as in the light, being awake only in bright sun¬ 
shine. It should be remarked, however, that their ar¬ 
ticulations are not relaxed and flaccid, drooping by their 
weight during sleep, if sleep it may be called; on the 
contrary, they are <j.ven more firmly fixed in thi.s than 
in their ordinary position. The nocturnal position of 
leaves is also uniform in each species. Thus in the 
common Locust, the leaflets turn downwards on the 
petiole, bringing-the lower surfaces of each pair nearly 
in contact; while the Mimosas and several species of 
Cassia have their leaflets directed towards the apex of 
the petiole, bringing the lower side of each leaflet in 
contact with the upper face of the one below it. On 
the othcr^and, the leaflets of Bladder Senna (Co/t/tea 
arborescens) and of Cassia Marilandica turn upwards 
at thek* articulation with the common petiole, so as to 
place the superior surface of each pair in contabt. 
The sleep of leaves is not confined to the Pea tribe; it 
is seen in the trifoliolate leaves of the Wood-sorrel (th;- 
alls), and in several plants with simple leaves, as in 
the Balsam or Touch-me-not, in which the leaves hang 
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downwards so as to protect the dowers against rain or 
ddws. 

We know very little respecting the cause of this 
phenomenon. Light is the agent which chiefly con* 
trols the direction of leaves, the temperature or degree 
of humidity of the* atmosphere exerting little or no 
effect. This movement, indeed, is known to take place 
under water as readily as in the open jair. De Can¬ 
dolle placed several species of Mimosa, &c., in a ca¬ 
vern, keeping them in darkness during the day, and 
illuminating them by strong lamp-light in the night. 
He found that for the most part they change their ha¬ 
bits after a little time, expanding when illuminated, and 
sleeping in the day-time. Several plants, however, 
were not at all affected by this treatment, but conti¬ 
nued, whether in da«’kncss or light, to expand or close 
their leaves at the same hours with similar plants 
growing in the open air. 

The seat of all these movements is in the artieula- 
tion connecting the leaf with the stem, or the leaflets 
with the leaf stalk; and what is highly remarkable is 
that light seems in these instances to act upon the joint 
itself and not upon the lamina, since these movements 
are similarly executed when a great part of the lamina 
is cut off. 

Although not strictly in place, fre may here observe 
that many flowers close in the absence of light, expand¬ 
ing again in sunshine, in the same manner as leaves. 
Most of the CistinesB or Rock-rosyes expand their 
flowers in the morning and close them towards even¬ 
ing never to be opened again. On the other hand 
several flowers, such as the Evening Primrose, Silene 
noctiflora, &c., expand in the evening and close with 
the rising of the sun. Each species seems to require 
•light of a particular intensity to expand flT'blossoms. 
Thus, the Morning-glory (Convolvulus Sepivm) opens 
its flowers at the dawn of day; the Cichoraceous 
plants, such as Lettuce, a few hours later; the Star-of- 
Bethlehem (Ornithogalum umbellatum) about mid¬ 
day ; the Four-o’cloftk plant at 4 P.M.; and the Eveit* 
ing Primrose, the purple-flowered Convolvulus, dtc., 
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sometime after night fall. The successive expansion 
of many flowers is so regular that the hours of the day 
are thus indicated with considerable exactness. To 
show this, Linnteus ingeriiou-sly constructed a table, 
called the Horologue of Flora, in which every hour of 
the day was indicated by the expagsion of some flower. 

88. The movements adverted to in the preceding 
paragraphs are all executed so slowly that they are 
only perceptible by their results. It still remains to 
notice those ftiore striking but equally iiic.vplicable 
movements, which appear to depend for their |)roduc- 
tion upon a high degree of excitability. The move¬ 
ments of the plants called scnsilhws are of thi.s kind 
Nearly all the species of Mimosa are slightly sensitive, 
but none more so than the well-known Sensitive plant.* 
The pinnated leaves of this plant ghrink from the hand 
when touchet), rapidly folding their leaflets as in a 
state of sleep. A slight shock iTpon one leaflet causes 
them all to fold themselves one after the other, and at 
length the impulse reaches the base of the leaf-stalk 
which immediately fulls downwards. After a short 
interval of repose the leaf stalk rises again, and the 
leaflets reassume their ordinary position. These move¬ 
ments are performed both in darkness and light, and in 
water as well as in air. They are also produced by 
the light of the sun eoncentrated by a burning-glass, or 
by a drop of any irritating fluid, such as sulphuric or 
nitric acid. 

The seat of motion in the Sensitive plant is in the 
little swelling at the articulation of the general and 
partial leaf-stalks, but of its cause no very satisfactory 
explanation has yet been given. 

Another curious instance of vegetable irritability is 
seen in the Dionaea muscipula or Venus’ fly-trap, a 
highly in-iweesting plant which grow's in the sandy, 
bogs of North and South Carolina. Its leaves are 
compocied of a roundish lamina connected bv a joitjt 


* Mimosa pudica, Linn., and not, as is often supposed, M. sensi¬ 
tive which is a large shrub much less sensitive tUM M. pudica. 
The name M,mosa is derived from a mimic. 
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with the summit of a dilated leaf-like petiole {fig. 55.). 
The margin of the lamina is fringed with a row of 
bristles or stout hairs, three or four shorter and more 
slender ones being plaCed upon its upper surface. 
Whenever an insect traversing this portion of the leaf, 
brushes against thes« slender hairs, in which the sensi¬ 
tiveness cliielly resides, the two sides of the lamina 
suddenly come into contact, the bristle^ of the fringe 
interlacing like the fingers of the two hands clasped 
together, so as to imprison the unfiTrtunate insect, 
whose only chance of escape consists in remaining 
perfectly quiet until the leaf uncloses.* 

The long hairs which cover the leaves of the Sundew 
(Droscra 7'otii.ndifolia, &c.) are said to be sensitive 
and to fall wlion touched at their base with a sharp 
point, but I have not been able to detect this movement 
in the American plant-f • 

The stamens (i28)*of the Barberry are jointed with 
the base of the flower, and are so excitable that they 
fall towards the pisiii (1S4) with a jerk whenever the 
inside of the filament is brushed by an insect or touched 
with a bit of stick. The object of this movement is 
more obvious than in the foregoing examples. It is 
clearly a provision for insuring the fertilization of the 
ovary, and will therefore be adverted to in a subsequent 
chapter. • 

89. There are a few instances of apparently sponta¬ 
neous movements among plants. The leaves of Des- 
modium gyrans, an East Indian plant, furnish the 
most striking and best-known instance of this kind. 
The leaf consists of three leaflets : the terminal one, 
which is largest, does not move except to sleep; but the 
lateral ones are in continual motion day and night, 
and even when the terminal leaflet is asleep. They 


• The Rev. Mr. M. A. Curtis, an active botanist, who is fami- 
liariy acquainted with this plant in its native situations, recently 
published an interesting account of its singular economy. See- 
Boa. Jour. Nat. Hist. I., p. 123. (1835). 

• In Mirbel, EHm. Pays. Veg. et Sot. I., p. 168, it is stated that 
the leaves of the KuropeSn Drosera rotundifolia close when touched' 
" coznme des bourses a jetons I ” 
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more like the second-hand of a lime-kceper, by a sue- 
cession of little jerks, the one rising while the other 
falls. The rapidity of the motion is affected by the 
temperature of the air and b^ the hcaltli and vigor of 
the plant. In India it is said that they perform, with 
considerable uniformity, about sij^y inovcmciits in a 
minute. 

90. Those who mainlain that plants are provided 
with a nervous system analogous to lliat of animals, 
but feeble in degree, deiive several arguments in favor 
of this view from the researches of Marcel, Macaire, 
and others concerning the action of poisons upon vege¬ 
tables. To a.scertain the effects of the different poisons 
upon the irritability of plants, experiments were made 
with the Sensitive ])lant and the Barbeiry. 

“When a leaf of the Sensitiv^i plant is cut and 
allowed to fay upon jiurc water, the leaflets contract 
by the shock, but after a few moments expand again, 
and are then capable of contraction by the touch of 
any other body. They may thus be preserved in a 
sensible state for two or three days. But when a cut 
leaf of this plant falls upon a solution of corrosive 
sublimate, the leaf rapidly contracts, the leaflets curl ujt 
in an unusual manner, and do not afterwards expand. 
When put into pure water the sensibility docs not again 
return, but the whole remains stiff and immoveable. 
A little solution of corrosive sublimate being put into 
a portion of pure water containing an expanded branch 
of the plant, gradually caused the curling up of the 
leaves, which theft closed and fell. If the solution bo 
very weak, the leaves open on the morrow and are still 
sensible, but finally contract, twist, and remain stiff till 
they die. A solution of arsenic produces the game 
effect. 

“ When a>I^af was allowed to fall upon water hold¬ 
ing opium in solution, it opened as in pure water, and 
after a ^If an hour gave the usual signs of contrac¬ 
tility. In six hours it was expanded and had a natural 
appearance, but could not be excited to move. The 
leaflets were flexible at the articulations, and offered a 
singular contrast to the state of irritation produced by 
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corrosire sublimate. Pure water did not recover 
t&b plant. A large branch, similarly situated, expanded 
its leaves, but in half an hour had lost much of its sen¬ 
sibility : the leaflets, allhbugh alive, seemed asleep and 
required much stimulating to cause contraction. In 
one hour the contractions ceased; in two hours the 
branch was dead. 

“A leaf placed in prussic acid (Schiele’s strength) 
contracted, then slightly dilated, but was quite insensi¬ 
ble and the articulations were flc.\ible. * If the acid be 
very weak the leaflets dilate and appear to live, but are 
insensible. A drop of the acid placed on two leaflets 
of a healthy plant gradually causes contraction of the 
other leaflets, pair by pair. After some time they 
dilate, but are insensible to external irritation ; the 
sensibility returns in about half an hour, but the leaf¬ 
lets appear as if benumbed.’’* , 

In the same series df experiments flowering branches 
of the Barberry were placed, some in a solution of ar¬ 
senic, others in diluted prussic acid or a weak solution 
of opium. In each case the stamens soon lost the 
power of contracting by the touch of a foreign body, 
but with tliis notable dilTerence, that in the branches 
poisoned with arsenic the stamens were stiffly drawn 
bickwards and immoveable, whereas in the other in¬ 
stances they were relaxed and* flexible. Moreover, 
if young plants be watered with weak solutions of 
arsenic, corrosive sublimate, or any of the acrid poi¬ 
sons, their leaves, beginning with the lowermost, turn 
yellow and soon die, being killed by the corrosive 
powers of the poison carried into their tissue. But 
when similar plants are watered with a solution of 
opium, they perish in a different manner: in a few 
hours the leaves droop without losing their natural 
appearance, and the whole plant dies at o wtei i~ 

All these experiments go to prove that the acrid 
and narcotic poisons act upon plants muefaain the 
same manner as upon animals; that those of the first 


♦ Lindley, hitrod. to botany, abstracted from a paper by Ma- 
eaire, in BMiMegtie IMiveritlie, XXXI., p. 344. 
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class, sQch as arsenic and all the metallic poisons, 
destroy life by irritation and corrosion; those of tRe 
second, by attacking it in some incomprehensible roan 
ner throughout the whole plaAt at once. 

An additional circumstance of much interest as con¬ 
nected with this subject, has already been adverted to, 
(25) viz.: that plants may be poisoned by their own se¬ 
cretions. Th(js the Poppy and the Lettuce may be poi¬ 
soned with opium, and the Peach and Cherry with 
prussic acid; j6st as wasps are killed by their own 
stings, or serpents by their own bites. 

Like animals also, plants may be destroyed by the 
inhalation of the poisonous gases. The sulphurous 
and muriatic acids, chlorine, and other acrid gases, pro¬ 
duce death by corrosion; first attacking the tips of the 
leaves,' and gradually extending their operation to the 
leaf-stalks. Sulphuretted hydrogen and ammonia act as 
narcotic poisons, causing the plafit to languish and its 
leaves to droop, the exhaustion extending from leaf to 
leaf, and then down the stem, in a very striking man¬ 
ner. Carbonic acid gas is in like manner injurious to 
vegetation in the absence of solar light. Indeed, all the 
deleterious gases act upon vegetable life much more 
injuriously and promptly in darkness than in light. 
On the contrary, poisons introduced by the roots are 
much more active in the day, for at that time absorp¬ 
tion is most prompt. 

Plants have the power of resisting in a considerable 
degree the action of the deleterious substances they 
are made to absorb; getting rid of them by excretion 
from the roots (25). M. Macaire* proved this by a 
simple experiment with a plant of Mcrcurialis annua. 
He separated its roots into two parcels, one of which 
was introduced into a solution of acetate of lead, and 
the othci t&lo pure water. In a few days the origin¬ 
ally pure water was found to be impregnated with 
««Btate^f lead, which must have been absorbed by the 


* An abstract of M. Macaire’s Memoir (referred to in p. 3S) 
is contained in the tdeh votnnK of the tldM.mu JPUlM^ieat 
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l^ots on one side of the plant, carried into the item 
mth the ascending sap, and excreted by the roots of 
the opposite side. The experiment was repeated upon 
several other plants, witR the same result. 


CHAPTER IV. 

OF THE OROANS OF REPRODUCTION IN FLOWERING! 

PLANTS. 

91. The two preceding chapters have been devoted to 
the consideration of^ the organs of nutrition or vegeta¬ 
tion; which are termed by De Candolle the fundamental 
organs of plants, nof only because they comprise all 
that is essential to the life and growth of a vegetable, 
but for the reason that the organs to be described in the 
present chapter are mere modifications of them. The 
organs of vegetation not unfrequently serve for the 
propagation of plants: many species are perpetuated 
by bulbs, tubers, or offsets more readily than by seeds, 
and in this view buds might be classed with the re¬ 
productive organs (47). With these exceptions, which 
are rather apparent than real, all Flowering plants arc 
propagated by seeds, the production and protection of 
which is the sole office of the flower^and fruit. 

The organs of reproduction in Flowering plants are 
essentially three, viz.: the Flower, the Fruit, and the 
Seed. 


• Sect. I, Of the Flower in general; andfVfi^racts or 
Floral leaves. 

92. We pass in review the various parts of which a 
complete flower, like that of the Rhododendron, is 
composed. A complete flower consists of a number 
of distinct organs, arranged in several rows or whorls, 
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one within and above the other. The lower or outer'; 
most row is formed, in the example before us (fig. 59^, 
of five bodies having the color and texture of leaves 


Pig. 69. 



(o) ; these are called sepals, and the whole whorl taken- 
collectively is named the calyx or flower-cup. Next 
within the calyx arc five larger bodies, of a more lively 
hue and delicalc texture (h); these receive the name of 
petals-, and taken together they form the corolla. The 
calyx is the outer, and the corolla the inner scries of 
the floral envelopes. Next within the corolla are placed 
several (in this case 10) slender club-shaped organs, 
called stamens ; each of which consists of two por¬ 
tions, viz. a thread-like body termed the filament (c), 
and a thickened body surmounting the filament, which 
is named the a7itArr(c().j Soon after the flower expands, 
the anther opens at some part of its surface, and dis¬ 
charges. a' yellow powder-like substance, called pollen. 
Within -ihe stamens and occupying the very centre of 
the flower, we observe an organ much resembling a 
stamen, except that it is thickened at each extremity, 
but more Jo hit the base than the summit. This is the 
pistil. Its thickened base, called the ovary (e), is in¬ 
ternally divided into several cavities or cells, contain¬ 
ing rudimentary seeds; the slender portion is termed 
the style, and the little knob or disk (/) borne on 
the summit of the latter, receivtfs the name of the 
Stigma. 



or THE FLOWER IN OKNEREL. 


153 


The pistil, accordingly, is composed of three parts, 
'm. the ovary, the style, and the stigma. Of these, the 
stigma and the ovary or seed-case are always present; 
but the style, which is merely a support for the former 
organ, is not uncommonly wanting. So likewise of the 
stamens, the anthejs or pollen-cases are the only es¬ 
sential organs, tlie filaments being occasionally alto¬ 
gether wanting. Of the floral envelopes also, the inner 
scries or corolla, whose office it is to protect the sta¬ 
mens and pistils and elaborate honey ftfl' their nourish- 
raetit, somctiines disappears; and in such cases the 
calyx, which serves for the protection of the corolla, is 
occasionally wanting also. 

A flower, then, reduced to the slate of greatest sim¬ 
plicity may consist of an ovary, surmounted by a 
stigma, and one or piore aiiiliers with or without fila¬ 
ments; the other organs not being absolwtely essential 
to a flower, tliongli pfesent in by far the greatest num¬ 
ber of cases. The two essential organs, moreover, are 
not of necessity placed side by side in the same flower. 
Among the most simple of all flowers are those of 

the Willow (fig. 60.), which 
consist cither of a pistil des¬ 
titute of style, or of a cou¬ 
ple of stamens, arising from 
the anil of a scale or rudi¬ 
mentary leaf The one (a) 
is called the pistillate flow¬ 
er, and the other (h), con¬ 
taining stamens only, is 
termed the staminate flow¬ 
er. In this instance the sta¬ 
mens and pistils are not 
. only separated, but are 

. a b borne on diflor,s:nt«jndtvi- 

duals. 

A flower when furnished with both stame wa and 
pistils is said to be a perfect flower, whether itnas 
floral envelopes or not; but when these organs are 
placed in different flowers, the letter are termed sepa¬ 
rated or diclinous. 


Pig. 60. 
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When both staminatc and pistillate flowers are bornje,, 
on the same plant, as in Indian-corn, they are said to 
be monoecious or in a single household ; when, as in 
the Willow above-mentioned,‘they arc situated in dif¬ 
ferent individuals, lliey are called dioecious, or in two 
households. • 

When a perfect flower has both a calyx and a corolla, 
it is said to bo complete (as in jig. 59); when it has 
neither, it is said to be naked or achlamy.Ieovs. {Ex. 
The Willow,/g-. (30.) 

93. The stalk, or transformed branch bearing flowers 
only, is named the peduncle, or flower-slalk ; when the 
peduncle divides and bears several flowers, its ramifi¬ 
cations are termed partial peduneles or pedicels. 

94. All the organs just described clearly belong to 
the flowering apparatus, and not to the organs of vege¬ 
tation; the podiincle being to the flower what the peti¬ 
ole is to the leaf; the calyx being destined for the ))ro- 
tection of the corolla, and the ccwolla serving to 
nourish and protect the stamens and pistils; which 
latter organs are essential to the protlnctlon of seeds, 
the end and aim of the whole flowering apparatus. 
But below the calyx, and yet above the true leaves, 
there often exist several bodies, seemingly interme¬ 
diate between the two, and of which it is diflicult to 
say whether they should be ranked with the foliage, or 
with the parts of the flower. These bodies, whatever 
may be their appearance, receive the name of bracts. 

95. Bracts are rudimentary or dwarfed leaves, 

often difiering from the ordinary leaves of the plant 
only in their smaller size. Sometimes they lose their 
leaf-like texture and are reduced to little scales; in 
other instances they are as richly colored an^ con¬ 
spicuous as the petals themselves. , 

Braet»»,ftay be situated either along the peduncle or 
its branches, or at its base. Strictly speaking, the 
b>Jttpj'..#nly are called true bracts or floral leaves, and 
theformer are termed bracteoles or bracts of the second 
order {fig. 61, a.). The two are often confounded, but 
it is sometimes necessary to distinguish them. Co¬ 
lored bracts are sometimes seen in several species ol 
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alvia or Sage, and also in Castilleja coccinea,* which 
oVves all its beauty to its conspicuous and deep scarlet 
bracts. 

A colored bract, somefrhat rolled together, enclosing 
a bunch of flowers as in a sheath, is called a spathe. 
The curious envelope of Arum triphyllum and the 
petaloid bract of Calla palustris {fig- 61, 6.) are exam- 


Pig. 61. 

a b 
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pies of this. SpathcB are only met with in Endogenous 
plants, being particularly large in Palms, itMBbwhk 
they are not nnfrequently as much as ten or twenty 
feet in length. 


• EueAroma of NuttalL 
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When sereral bracts are collected into a whorl p’’, 
closely crowded together, they form an involucre. 
Umbels are usually furnish^ed with an involucre at 
their base (fig- 68, 6.). The whorl of smaller bracts 
which subtends the base of each little umbel is called 
an involncel or partial involucre. The involucre of 
those heads or dense assemblages of flowers which 
have been imyroperly named compound flowers (such 
as the Sun-flower and Marigold), resembles a calyx 
except that it encloses a great number of flowers (fig. 
68, d.). Linnsean botanists term such an involucre a 
common calyx, and some authors call it a periclinium. 
but it scarcely requires a distinct name. 

Involucres are sometimes colored and petal-like, as 
in the Flowering Dogwood (Cornus florida) (fig. 61, 
c.), whose showy involucres, often mistaken for petals, 
give the name to the plant. The leaves of an involu¬ 
cre sometimes grow together by their margins more or 
less completely, as in a few Umbelliferous plants, form¬ 
ing what is improperly called a one-leaved involucre. 

Occasionally it happens that several whorls of scale¬ 
like bracts being crowded together grow into a cup¬ 
shaped body surrounding the fruit, called a cupule, as 
in the acorn (fig. 61, d.). The fruit of the Chestnut, 
Beech, and nearly all Amentaceous trees, is furnished 
with a cupule. ” 

96. Bracts form the only covering to the flowers in 
the Cyperaceae or Sedge-grass tribe, which have either 
no calyx or corolla, or only the rudiments of these 
organs in the form of little scales, or more commonly, 
bristles, as in the Club-rushes (Ex. Eleocharis obtusa, 
fig. 62, a.). A few Cyperaceous plants, however, 
exhibit these rudiments of floral envelopes, in a some¬ 
what petal-like form (Ex. Fuirena, fig. 62, b ). These 
grow further by their edges in the Carices or true 
Sedges, forming a bottle or urn-shaped body* which 
■'tS't'«.,:^the ovary, &c. 


, Nees von Esenbeck applies to these bodies the name otperigf- 
'•Jpmm , under whatever form they may appear. The name has the ad- 
Mpttage of bemg onexpressive of their nature, and if they are some- 
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The flowers of Grasses are wholly destitate of calyx 
slid corolla, their envelopes consisting of bracts only. 
Each little head of flowers in this tribe is called a 
spikelet {Ex. fig. 62, c, “which represents a two-flow¬ 
ered spikelet of a species of Aira). There are two 


Fig. 63. 
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empty bracts at the base of the spikelet, not exactly 
opposite, one being placed a little higher than its fellow; 
these are called glumes; the lower one is termed 
the inferior or outer, and the opposite one the superior 
or inner glume. The glumes include two flowers in 
this ins'tance, but in other Grasses (Poa, Bromjj|^^dt.c.) a 
much greater number, and in several (Agrostis, Stipa, &c.) 
only a single flower. Each flower is provided^ with a 

times transformed stamens (as Nees supposes), the tejm should — 
retained. On the other hand, if they are, as we think, the radimcntt 
of a perianth or an inner aeries of bracts (as they probably ars u 
some cases), no special name is required for them. 
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pair of bracts of a second order, or bracteoles, much 
resembling the glumes (fig- 62, d.), which may be 
termed glumelles or palea.*c Each palea is termed a 
ralre: the one the lower or outer, and the other the upper 
or inner valve. The lower palea is often provided with 
a beard, which when it proceeds !rom the apex of the 
valve is called a seta or bristle, but when it protrudes 
from the bacli^^.of the palea, as in our figure, and also 
in the Oat, it <s called an awn.i The glumes some¬ 
times bear bristles but are never awned. 

Within the paleae at the base of the ovary one or 
two minute scales may often be perceived. (See fig. 
62, e, which represents the pistil of d with these little 
scales attached.) We may consider these either as the 
rudiments of a calyx, or of a third order of bracts; 
they have received various names';^ that of squamulw, 
or little scales, should for the present be retained. 


Sect. II. Of the Nature or theoretical Structure of 
the Flower. 

97. A flower is a transformed branch ; all its or¬ 
gans being leaves which have undergone a peculiar 
metamorphosis. This proposition, upon which the 
modern views of the structure of the flower and fruit are 
based, originated with Linnaeus. That great reformer 
of systematic botany, however, was not aware of the 
important applications of this theory, which was 
entirely neglected until the year 1790, when it was 
revived and presented in a novel manner by the illus¬ 
trious Goethe. His little treatise entitled “An attempt 


* The corolla of Lunsos, the calyx of Jussieu, the perianth of 
Br own,, the glmmetles of De Candolle, the palea of Kunth and 
'‘’btnaSr Either of the latter names may be adopted. ' - 

t The bracts of Grasses are modified sheaths of leaves, or in 
other words petioles destitute of lamina; the awn is the midrib 
of the lamina projecting from below the apex of the valve; mid 
brblles are extensums of the midrib or principal veins. 

t The nectary of Linnsras, loeUeula of Beaovois, eyuammlu of 
Juaisa, Brown, dtc., g bmtIMa of Desvaux. 
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to explain Ae metamorphosis of plants,”* at first exciteo 
little attention; but after the lapse of several years, 
having' been adopted and illustrated by Du Petit- 
Thouars, Roeper, De Casdolle, and others, it became, 
and still continues to be, the commonly received view 
of botanists on this^subject. 

Wc shall hero advert to a few of the reasons which 
may be adduced in favor of this proposition, and 
others will be incidentally noticed as w/proceed. 

In the first place, it may be remarked that the situation 
of flowers on the stem and branches is the same as that 
of leaf-buds, both proceeding from the axils of ordinary 
or imperfectly-formed leaves, as we shall have occa* 
sion more especially to notice in the section on Inflo¬ 
rescence. 

Another scries of arguments may be adduced from 
the facility with which the several part^ of the flower 
change into each other and, either directly or indi¬ 
rectly, into true leaves. 

That bracts are leaves deprived of a portion of their 
nourishment by the development of flowers in their 
vicinity, and consequently more or less checked in their 
growth, will scarcely be doubted; the transition being 
often so gradual that it is impossible to say where the 
one set of organs ends and the other begins. If this be 
the nature of bracts, it follows that all their modifica¬ 
tions, such as the spathc, the involucre, and the scales 
of the cup of an acorn, are also imperfect leaves. 

That the calyx is a whorl of transformed leaves, is 
capable of complete demonstration. In the first place, 
there is often such a plain transition from bracts to se¬ 
pals, that no positive line of demarcation can be observ¬ 
ed. In the Mallow, the Hollyhock, and many other 
plants of the Mallow tribe, a whorl of bracts exists at 
•the base of the calyx, so closely resembling sS(?3f1s, that 
these plants are usually said to have a double calyx. 
The Strawberry has five little bracts alternating 
five sepals, and only distinguishable from them by their 

• VersuchtUe Metamonlwtdtr P/tamenguerklarm. 17{Nkl 
ed. «d, 1817. 
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smaller size. In the CainelUa Japonica, now so copi' 
inon in gardens, and in the Gordonia of the Southern 
states, a plant of the same fai^ily, the bracts and sepals 
arc so entirely similar that no one can say in what the 
distinction lies. Moreover, sepals sometimes change 
into true leaves ; those of the Ros6 are commonly dila¬ 
ted petioles only, but in many species they bear a lami¬ 
na upon their E^^mmits, and it occasionally happens that 
this lamina is pinnated and undistinguishable from the 
ordinary leaves of the plant. 

The transition of sepals into petals is so easy, and the 
limits of the two often so absolutely indefinable, that (he 
difference between the calyx and corolla has always 
been a debatable ground in botany. Although in a 
majority of cases they present a marked diflerence in 
their appearance, yet very frequently there are no dis¬ 
tinguishable limits between the two. The calyx indeed 
is usually green and leaf-like, but in very many cases 
it is delicate in texture and richly colored, when it is 
said to be petaloid. In lllicium (the Anise-seed tree of 
the Southern states) and Calycanthus (Carolina Allspice) 
the coverings of the flower consist of several whorls of 
transformed leaves, all nearly alike in color, texture, 
and shape; but how many of the innermost are to be 
called petals, and in Yfhat manner the remainder arc to 
be divided between sepals and bracts, wholly depends 
upon the fancy of the person who counts them. 

The calyx and cerolla are confounded in the Orchis 
and Lily tribes, afid in a gtent part of Endogens. In 
the Lily and Tuli;) the floral envelopes are often green 
on the outside and richly colored within. In fact, the 
only absolute way of distinguishing them, is to call the 
outer whorl calyx and the inner one corolla; hut in 
those cases where only one whorl exists, it is impossible 
to say which is absent, or whether, as is most probable in 
tpany. instances, the two are not confounded together in 
M single row. In this case it is agreed to term the floral 
envelopes the perianth, which simply means the cover- 
dpg of the flower, expressing no opinion concerning its 
iMUure. Such being the relation between the calyx and 
^oU>, whatever is true of the one must be true of the 
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other; and if sepals are modified leaves, as has been 
already proved, so also are petals. If the parts of the 
flower are really modified leaves, we might expect them 
sometimes to revert to their primitive state. Now this 
occasionally happens, not only with sepals, whose leaf¬ 
like texture rcndcra it less remarkable, but also with 
petals; examples of petals changed into true leaves 
having been observed in several species by nearly all 
botanists from the time of Linnaius to t^e present day. 
A great variety of instances might be adduced in sup¬ 
port of this part of our proposition, but the few which 
have been noticed, seem to be perfectly conclusive upon 
this point, and to place the nature of the floral envelopes 
beyond the possibility of a doubt. 

The stamens occupy one or more whorls next within 
the corolla, usually {exhibiting not the remotest resem¬ 
blance to leaves; yet that they do not differ from them 
in nature, may be as <*onclusivcly proved as in the case 
of the floral envelopes. The transition of petals into 
stamens may be observed in double roses, paeonies, 
tulips, and pinks j and in all these examples, especially 
in the last, the manner in which this transformation 
takes place may be distinctly traced. The lamina of 
the inner row of petals folds up, forming an anther, the 
two lobes of which correspond to the sides, and the con¬ 
necting portion to the midrib of a leaf, while the claw 
answers to the filament Between the perfect stamens 
and the outer row of petals all sorts of intermediate 
bodies may be observed,—filament^ bearing at their 
summits an anther on one side and the distorted limb 
of a petal on the other, next imperfectly-formed petals 
with very small limbs, and finally larger petals with 
more perfect limbs. The same curious transformation 
may be> traced in all the double flowers so common in 
every garden. 

It is interesting to observe this change in the culti¬ 
vated Larkspurs and the Columbine iAquilegia^^^g^'r 
ris). The petals of the Columbine “ consist of a long 
sessile purple horn or bag, with a spreading margin ,■ 
while the stamens consist of a slender filament, bearing 
a small oUong two-celled yellow anther. In single ana 
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regularly-formed flowers, nothing can be more unlike 
than the petals and stamens; but in double flowers the 
transition is complete. The petals which first begin to 
change provide themselves wiui slender claws: the next 
contract their margins and acquire a still longer claw. 
In the next change, the purple ‘ margin disappears 
entirely, and two yellow lobes like the cells of the 
anther take its^-place, and the horn, diminished in size, 
no longer proceeds from the base as in the genuine 
petal, but from the apex of the now thread-like claw. 
In the last transition the fobes of the anther are more 
fully formed, and the horn is scarcely longer than the 
anther, retaining however its purple color. The next 
stage is the perfect stamen.” * 

It may be objected (although the objection has not 
the least value) that these illustrations arc drawn from 
plants which have been cultivated for a long time, and 
are accordingly in an unnatural state. We turn, there¬ 
fore, to one example out of many among our native 
plants, viz. the White Water-lily {Nyrnpheea odorata), 
which, growing in almost every pond throughout the 
United States, is familiar to most persons. 

In this plant, the transition of sepals into petals, as 
well as of petals into stamens, may be distinctly traced 
The calyx, or exterjor series of the floral coverings, 
consists of four or five sepals which are green on the 
outside but whitish and somewhat petal-like within 
The corolla is made up of several whorls of petals, the 
outermost of which are sometimes slightly tinged with 
green. Between the well-formed petals and the sta¬ 
mens, there is a row of organs which are neither the 
one nor the other, but both in part; they are reduced 
petals, the margins of which are turned inwards at the 
summit, and enclose a little pollen. The more perfect 
development of the [pollen-cells, and the greater atte- 
niii ^ion of the lower part of the petals, completes the 
"transition into genuine stamens. 

The conversion of stamens into green leaves is very 
uncommon, yet it has been seen in a few instances. 


* Lindley, bUrod, %» p. 51&. 
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coHipIiUing the chain of proof, that the stamens, as 
w’ell as the floral envelopes, are modified leaves. 

The pistils, the innermost of the floral organs, occupy 
(he very centre of the floVer. They vary considerably 
ill number, the Pea and the Cherry having a single 
pistil, the Columbine and the American Cowslip [Callha 
palvstris) having several placed in a single row like a 
whorl of leaves. 

In the Nigclla dainascena, or Fenntfl-flower of gar¬ 
dens, the pistils grow together by their ovaries, their 
styles remaining separate. In the Poppy they grow 
together to their very tip.s, forming a single coni- 
jiound pistil. Nothing is easier than to establish the 
fact, that pistils arc constructed in the same manner as 
the other parts of the flowering apparatus,—that a sim¬ 
ple pistil is a folded leaf, and a corrijiound pistil a wliorl 
of similar leaves grown together. As tlfis subject must 
necessarily be treated of at considerable length in ano¬ 
ther ])lacc (Sect. VI. of tiic present chapter), only a few 
of the leading proofs will here be noticed. 

In double Roses, j'istils arc often transformed into 
petals, and not iinfrequently into genuine leaves. 
Although they scarcely ever change into stamens, yet 
a few instances of this transformation arc on record. 
There is a well known monstrous variety of the culti¬ 
vated Cherry which furnishes thef most conclusive proof 
of the nature of this organ. The place of the pistil 
Pig, 63 . is occupied by a green leaf 

somewhat folded together, and 
similar to the leaves of the 
branches except in its lesser 
size (fig. 63, a.). If we com¬ 
pare this leaf with the perfect 
pistil of the Cherry (fig. 63, &.), 
we observe that the folded lami¬ 
na answers to the ovary, the 
' b a midrib projecting beyftii5‘rai„ 

lamina to the style, and its slightly dilated apex to the 
stigma. The leaf is sessile in this instance, but the 
petiole makes its appearance in several plants of the 
Pea tribe, in nearly all Capparideous plants, and 
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in the Coptis trifolia or Gold-thread {fig- 79, d.). The 
fruit is the ripened pistil; hence, if the pistil be a modi¬ 
fied leaf so also is the fruit, for no new part is added 
to the fruit during its growth. It accordingly fol¬ 
lows, strange as it at first sight appears, that a cherry 
or a peach is essentially nothing jiiore than a trans¬ 
formed leaf. The leaf is always folded upwardly as is 
seen in the monstrous cherry (jig- 63.); the stone or 
hardened iutiei\|)ortion is therefore the upper stratum 
of the le-af, and the veins may be readily traced in its 
sculpturing. The lower stratum of parenchyma (which 
has been seen (Jig. 37.) to have a different and much 
iiiore loose structure than that of the upper stratum), 
being filled with fluid, gradually changes its color, and 
becomes the pulpy portion of the fruit. The skin is 
accordingly the cuticle of the lo,\vcr surface. The 
change in lexUrre is similar to that which habitually 
occurs in the thickened leaves of Succulent plants, and 
the same alteration in color happens to all leaves in 
autumn. Thus far of simple fruits ; and as compound 
fruits are collections of pistils, it follows that all fruits 
are modified leaves. 

When, however, botanists affirm that all the or¬ 
gans of the flower are transformed leaves, they should 
not be understood to say that these parts ever existed 
as actual leaves, but that their nature and origin 
are the same;—that the little scales which sur¬ 
round a growing point or bud, are all just alike during 
their early existence;—that they sometimes grow into 
leaves, and, under other circumstances, into the organs 
of flowers. There is a period, therefore, when the 
destination of a bud is not fixed; it may extend into a 
branch, produce genuine leaves with their correspond- 
ing leaf-buds, and thus serve for the increase of the 
individual: on the other hand, it may at an early 
period cease to elongate, the rudiments of leaves grow- 
. in| piiai »g floral coverings and organs of fructification, 
and thus, changing its destination, serve for the perpe¬ 
tuation of the species. An abundance of nourishment, 
or whatever else tends to increase the vigor of vege¬ 
tation, promotes the formation of leaf-buds: on the eon- 
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trary, whatever causes give a temporary check to vege¬ 
tation, faciiit iie the })ro(luction of flower-buds. Hence, 
flower-buds are formed during the winter, and plants in 
rapid vegetatiun may often be made to flower by arresting 
their growtii. Hence, also, the tendency of the organs of 
the flower to reverrto leaves, especially in cultivated 
plants, whenet erihey are in a statcof ra|)idand luxuriant 
growth. 'rhu.s‘'iTi iiiin.sually warm and early springs, a 
great iiomlxT of the flower-buds of ApWes and Pears 
are changed into Icaf'buds by the rapid develo|)ment 
which they undergo, breaking tip the whorls of their 
flowers, and throwing an exccs.sive quantity of s.iji 
into the orgatM which had been destined for flowering 
]uirpose.s, and thus conviwling them into leaves.” 

'.•8. ,'\ flower, according!v, is a V'cry short branch, 
proviiled with seveml whorls of iicculiarly modified 
leaves. It consists qf at least four whtirls when all 
its org.ins are present, of whieh the two outer (calyx 
and coroll.;) serve as orgatns of protection for the two 
inner ones ; hot a.s each organ may he composed of two 
or more w lioris, this munber is often consiilerably in¬ 
creased. I,ike ordinary leaves, the parts of the flower 
are c.ipabh; of produeing bulls in their axils, explain¬ 
ing lliose rare anomalies in which a flower hasabrancJi 
or another flower growing out of itself. 

It also follows, such being the'striietiirc of a flower, 
that its parts will he subject to the same laws of ar¬ 
rangement as ordinary leaves. Each whorl of floral 
organs accordingly, as in genuine leatl.'s, alternates with 
the one which precedes it: thus, the petals normally 
alternate with the sepals, and the stamens with the pe¬ 
tals &e, ; and if there be two rows of sepals or petals, 
they alternate with each other. 

A whorl of leaves consists of the leaves of a single 
'spire (CO), the internodcs being suppressed, anJ each 
spire has the same nuinher of parts. The w horl s of 
the flora) organs are of the same nature; conseqmfBH^? 
the number of parts in each row should he the same. 
If the calyx consists of five sepals, the corolla should 
also consist of five petals, and there should be five sta¬ 
mens and five pistils, all these parts being ^spectivelv 
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alternate with one another. Such a flower would be per¬ 
fectly symmetrical, and numerous examples of this kind 
exist; butnolimcotriinonly, some part of this symmetrical 
arrangement is obscured or destroyed by various coun¬ 
teracting circumstances, which are now, however, so 
well understood, that a skilful botanist finds little diffi¬ 
culty in detecting the true symmetry of a plant through 
all its disguises. All exceptions to this regular corre¬ 
spondence in die number and relative position of the 
organs of a flower, are owing to the multiplication or 
abortion of jiarts, or their adhesion to each other. 

Thus, as to multiplication of parts, Trillium has a 
calyx of three sepals, three petals which alternate with 
these, six stamens of which three arc alternate with the 
petals and three opposite tliem, and three combined 
pistils. Here the perfect symmc*ry of the flower is 
interiupted ky the development of an additional 
whorl of stamens, which, on account of the closeness o 
their origin, seem to form but a single row. A Cherry 
has a calyx of five sepals, a corolla of five petals alter¬ 
nate with the calyx, and twenty stamens : here four rows 
of stamens arc developed, the flower being otherwise 
symmetrical. The Poppy has a cal 3 'x of two sepals, 
a corolla of four petals, and a great number of sta¬ 
mens, which are however some multiple of two or four. 
The Blood-root (Sahguinaria Canadensis) has two 
sepals, either four or six times as many jietals, six times 
as many stamens, and two pistils grown into one. 
Hundreds of analsgous examples might be mentioned; 
all serving to prove, that when the number of parts is 
not the same in each whorl, it is usually some multiple 
of the number in the. first or outermost series. 

The symmetry of flowers is frcquentlj- masked by the 
abortion of some of their parts. Thus Gratfola or 
Hedge-hyssop has a calyx of five sepals, five petals 
united almost to their tips, and only two perfect stamens. 
•Kfei'eAhc three stamens which are needed to complete 
the scries, have disappeared entirely in G. Virginica ; 
while in another species (Cf. aurea) two minute filaments 
stand in the place of two of the stamens, no trace of 
the fifth being observable. That the two little filaments 
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(Tf.GratloIa aurea are really ihe rudiments of stamens, 
is evident, first from their situation being alternate with 
two of the lobes of the corolla, and secondly, from the 
fact that most other plants of the same family (the Di¬ 
gitalis or Foxglove for example) have a pair of perfect 
stamens, a little shorter than the other two, occupying 
the same place. All these plants however require ano¬ 
ther stamen to render them symmetrical. The rudi¬ 
ment of this stamen is seen in the S^iap-dragon; in 
Pentstemon it appears in the form of a bearded filament, 
longer than the perfect stamens; and tlie symmetry is 
perfect in the Mullein, which has five perfect and nearly 
equal stamens. 

The flowers of the Pea tribe have a calyx of five se 
pals and a corolla of five petals, but in one genus 
(Amorpha) all the [Ictals except the up^er one have 
disappeared entirelyy> and in another (Erythrina) the 
four lower petals, although they have not wholly disap¬ 
peared, are very inconspicuous. 

Sometimes a complete whorl of organs is abortive. 
The calyx of the Dogwood and Holly is reduced to a 
minute four or five-toothed rim, and in compound flow¬ 
ers it consists of little scales or bristles only. The petals 
commonly disajipear in Isnardia palustris, and always 
in Anemone and Thalictruni. T^he flowers of Moon- 
seed {Menispermum Canadeusc) regularly lose by 
abortion cither their stamens or pistils, and the exist¬ 
ence of separated or dioecious liowcjs is probably due 
to this same cause in all instances. The pistillate 
flowers of the Willow lose by abortion both the calyx, 
corolla, and stamens, and the staminate flowers are 
deprived in the same manner of every thing except 
their s(amcns. 

Deviations from the normal structure caused by 
the adhesion of neighboring parts, are exceedingly 
numerous: the sepals often unite into a cup-«haped 
calyx; or the petals, growing together by their edges, 
form a corolla of a single piece, as in Convolvulus; 
or the stamens unite by their filaments into a tube, 
as in the whole Mallow tribe; or by their anthers 
into a ring, as in all Compositse. This kind of union. 
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however, obscures the symmetry of the flower very 
little, since the parts of the whorl seldom cohere 
quite to their tips; the number of lobes or sinuses in the 
border of such a calyx or corolla being an accurate 
index of the number of sepals or petals of which the 
organ is composed. It frequently happens that these 
organs unite unequally, and then some little difficulty 
is e.vperienced in ascertaining the real number of 
parts. Thus^most plants of the Mint tribe have a 
two-lipped corolla, the upper lip being tnude of two 
petals, as the little notch at its summit proves, and 
thb lower one consisting of thrue similar petals united 
almost to their summits: the sepals arc frequently 
combined in the same manner. It is in allusion to this 
circumstance that the plants of the Mint tribe are call¬ 
ed Labiata, or Labiate plants. Not only do similar 
parts coherc,'but different organs have the same ten¬ 
dency to unite with each other. The calyx often 
adheres to the ovary more or less completely ; thr; 
petals and stamens adhere to each other, and both to 
the calyx; and in one curious family (the Orchidete) 
the stamens adhere to the pistil. It may be laid down 
as a general rule, that all organs situated very close to 
each other may be expected occasionally to grow to¬ 
gether. As numerous examples of this kind will be 
hereafter mentioned, they only require a casual notice 
in this place. 

A careful attention to the simple principles of floral 
structure, which *iiave been thus cursorily indicated in 
the present section, will enable the student to under¬ 
stand the true structure of all the flowers he meets 
with, and to explain with the greatest ease hundreds of 
deviations from ordinary forms, which are otherwise 
perfectly inexplicable. It is to the establishment of 
these principles, more than any thing else, that Botany 
owes the place which it now so deservedly holds among 
the exact sciences. 
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Sect. III. Of the Inflorescence. 

99. The term inflorescence is used to denote the 
manner in which flowers are arranged upon the stem 
or branches. Flower-buds being, like leaf-buds, placed 
at the extremity of a branch or in the axils of leaves, 
the most simple of all modes of infloretcence is when 
a single flower is borne on the summit of a branch or 
in the axil of a leaf, as in the Violet (fig. 64.). 

This is precisely the condition of a 
leaf-branch which produces only a ter¬ 
minal bud. But as a leaf branch usu¬ 
ally produces axillary buds also, so 
likewise a flower-bratK;!! may bear 
flowers in the axils of bracts through¬ 
out its whole length, ns in a bunch of 
currants. The main stalk of such a 
modified branch is called \\\e. pedtincle, 
and the little stalks which sui)port each 
flower receive the name of pedicels. 
e is also termed the rachis, or axis of 
the inflorescence, when it passes from one end of a 
bunch of flowers to the other witiiout dividing, as in a 
bunch of currants, &.c. 

100. When the lateral buds of a flower-branch grow 

into flowers without forming pedicjls, a .<ipike is the 
result, as in the common Plantain (fig- 65, b.) and the 
annexed diagram (fig- 65, a.). The axis of a spike con¬ 
tinues to lengthen j)roducing new flowers at its ajtexfor 
sorae.time, which all arise from lateral buds; on this 
account such an inflorescence is said to be indeter- 
• min ate. ■» 

Several modifications of the spike have received dis¬ 
tinct names. An ament or catkin (fig. 65, c.) is a spike 
of naked flowers surrounded by scale-like bracts; as in 
the Willow and Poplar. The flowers of an ament are 
usually staminatc or pistillate only, and the whole falls 
off in one piece after flowering. A spadix is a crowded 
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■pike with a fleshly axis, surrounded by a spathe . 
61, 6.). This is only found in the Arums and the Palms. 

Pig. C5. 
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101. When all the flowers of such a flower-branch 
stand on pedicels of equal length, a raceme is formed, 
as in the Currant and Wild Cherry, (fig- 66, a.). The 
only difTcrence between a raceme and a spike is, that 
the former has conspicuous pedicels, and the latter 
scarcely any. 

102. A panicle (fig. 66, h.) is a raceme which bears 
flower-branches in the place of single flowers.' This 
kind of inflorescence is very common in the Grasses. 
A panicle is called simple, compound, or decompound, 
according to the degree of its ramifications. When the 
upper and lower branches r f a panicle are shorter than 
the middle ones, as in the Lilac, we have a thyrse. 

All these forms of inflorescence arc strictly indefinite, 
there being no terminal flower, and their length de¬ 
pends principally upon the nourishment the branch 

.„I,T'r.,.■II,,,,,., n,,™,,,,.,.* 
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' iU3. But when the bud terminating the branch be¬ 
comes a flower, the inflorescence being incapable of 
further elongation is generally broader than long when- 


Fig. 66. 
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ever it consists of many flowers. This kind of inflo¬ 
rescence is said to be determinate. A solitary terminal 
flower exhibits it in its simj)lcst state (see diagram, 

Fig. C7. 07, «.), the bracts indicating 

^ V 6* 0 P situutron of several un- 

^ I / / developed buds. Whenflow- 

\ \ ji/' appear in the axils of 

\\{f A thescbracts, and are elevated 
i • \ / 'on pedicels nearly as high 

\'\ fhe central flower, a co- 

\ \ / i rymb [fig. 67, b.) is formed. 

\ / ^ This term, however, is often 

• \ / employed in an adjective 

\ / / sense; thus we speak of a 

\ ^ ' corymbose panicle or ra- 

\ J ceme, or even of corymboia 

I 7 branches. 
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104. When the primary axis is very short, the flowers 
having distinct pedicels which all seem to start from 
the same point, we have a simple umbel (jig. 68, a.), 
as in tlie Milk-weed ( Afsclcpias) and the Onion. A simple 
umbel is, accordingly, a racetne with a very short axis. 
If the secondary axes (or, as they' are called, rays) of 
the umbel arise from ihe primary ones in a similar 
manni^r, a compound umbel is the result (jig. 68, b.), 
as in the Parsnjp and all similar jilants. A compound 
umbel ha.s the same relation to a panicle that a simple 
umbel has to a raceme. 


105. A Capitulum or head may be considered either 
as a simple umbel with sessile flowers, or as a spike 
with a very short axis. Ex. Eryngium aquatientn 
(Jig. 68, c.), Cephalanthua occidentalis or Button-bush, 
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The axis or rachis of a capitulum is called a recepta¬ 
cle, and the involucre which often surrounds its base is, 
as has been already mentioned, a series of crowded 
bracts. 

What arc called compound flowers, as the Sun-flower, 
Aster, and CcntauPca (Jig- C8, d.), are truly heads or 
compact bundles of flowers. We may obtain a cor¬ 
rect idea of their nature, by considering such an inflo¬ 
rescence to be a very don.se corymb, ^he branches of 
whicli have grown togetlier, so as to form a flattened or 
conical receptacle. 'I'he flower-bunch taken together 
has been called by difl'erent authors an anthodium, a 
cephalantJiiiiw, and a calathium or calailiidium. To 
the receptach' the terms cUnanthium or phoranthium 
have been applied ; and the involucre is sometimes 
termed a prricUnMim, but these special names are 
scarcely rcipiired. ^ • 

106. All the foregoing forms of inflorescence have 
what is termed the centripetal mode of flowering, that 
is, the lower or outermost flowers of the bunch expand 
first, these being rc.illy the oldest, and the others follow 
in regular succession to the summit or centre of the 
bunch. There arc. however, many cases in which the 
central flow'crs open first and the lowermost or external 
ones last; forming what is termed the centrifugal 
order of flowering. In these ifascs, the bud which 
terminates the stem is transformed into a flower, and 
being the earliest formed is the first to expand. The stem 
itself cannot elongate further, but th*e accumulation of 
nourishment causes the development of new branches 
in the axils of the bracts or uppermost leaves. These 
arc terminated by a solitary flower, which again pro¬ 
duces' branches from the axils of its bracts in the same 
mannel; the flowers developing in the order of their 
age, beginning at the centre. This mode of flowering 
may be studied to advantage in the Chickweeds {Ceras- 
tium and Stcllaria), in which it is recognisable at once 
by the solitary flower (destitute of bracteolcs) in each 
fork of the branches. Although called a determinate in¬ 
florescence, it is really as indefinite in duration as any of 
the preceding forms; for although the main item cannot 
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extend beyond the central flower, the number of lateral 
branches is limited only by the quantity of nourishment 
and the energy of the plant. T^usinany Chickweeds pro¬ 
duce flowers during the whole summer. Their inflores¬ 
cence is usually callo<! a dichotomous panicle; it should 
rather be termed a 'paniculate cyml. In other cases of 
centrifugal expansion, the |)rimary branches start from 
the samepoint, beirigallformcd at tiicsamc time, and the 

secondary brandies arc 
short and corynibosc, 
so that the bunch of 
flowers is nearly Icvel- 
lopiied. This arrange- 
nuail, of which the El¬ 
der and Dogwood are 
examples, is called a 
cynic {fig. GO ). It re¬ 
sembles an umbel in 
its primary branches, 
and a corymb in their ramifications ; but is distin¬ 
guished from either by the solitary flower in the forks 
of the branehes, and the centrifugal order of develop¬ 
ment. The central flower is sometimes abortive at an 
early period, when the resemblance to a corymb is still 
more close. 

A cyme reduced to a few flowers is called a verticil- 
Ulster. Two reduced cymes of this kind situated in 
the axil of a pair,_ of opposite leaves, form the inflo 
resccnce of Labiate plants, which has been termed a 
verticel or ivhorl. True whorled flowers are uncom¬ 
mon, exist'ng only in Myriophyllum or Water Milfoil, 
and some other plants with whorled leaves. 

A compact cyme with few and short branches is 
called a fascicle ; examples of which arc seen in the 
Sweet-William, and several other plants of the Pink 
tribe. The centrifugal mode of flowering distinguishes 
it from a contracted corymb. 

A cyme with its flowers so nearly sessile that it 
seems to be a eapitulum, is called a glomerule : this !.<< 
of rare occurrence, but is observed in a few plants of 
the order Composit®. 
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,107. The two systems of inflorescence arc some¬ 
times combined, producing, at first sight, no little diffi¬ 
culty in the application jof these principles. In some 
cases the stem or axis is prolonged after the manner 
of an iiidptcrminatc inflorescence, while the lateral 
branches follow tli<?centrifugal mode. This happens in 
Labiate i)lants, in which ihcmain stem grows indefinitely 
by its extremity ; but the bunches of flowers in the axils 
of theh’aves are true cymes, ns is (lenol(|J by the order in 
which the (lower.s expand. Again, in most Composita; 
the stem branches in a ccntrilugal maiiiior, although 
the flower-heads exj)and in the centripetal mode. 

lOS. There are a few cases of amvrnalous inflores¬ 
cence, which seem to re(|uirc a passing notice. An 
a|»parciit deviation from the ordinary at rangement of 
flowers is observahk; in the Vino, as well as in some other 
{darits of difl'ereiit fatpilies. The Vine b^ars its clusters 
of flowers exactly opposite the leaves, just as if one of 
the leaves had changed into :i raceme, llere the racornc. 
really occupies the summit of the stem; the eontinua- 
lion of the latter being a branch from the axil of the 
npljcnnost leaf, which grows so \ igorously that it is not 
turned to one side, but takes the same direction as the 
ma'n stem. 'J’he zig-zag appearance presented by many 
sterns with this iiifloreseetice, renders the explanatioii 
easy to bo compreheiidcd. * 

A peduncle arising from or beneath the surface of the 
ground, is called a scape, and soinodirnes a radical pe¬ 
duncle. As the root, however, bears no leaf-buds, it 
cannot produce flowers; all scajrcs therefore proceed 
cither from a subterranean stem, as in Sanguinaria and 
the suhcaulescent Violets, or from the axils of a cluster 
of leaves arising from the neck, as in the Strawberry. 

In several species of Solanum, the peduncles spring 
from the stem at some distance from the axils'of the 
leaves. In Villarsia and Hibiscus Moscheutos, the 
'petiole seems to bear the flowers. These apparent 
anomalies are probably owing (in the last-named in¬ 
stance unquestionably) to the partial cohesion of the 
peduncle with the stem or petiole. In Tilia, the pe¬ 
duncle is united with the midrib of the floral leaf. 
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Flowers are erroneously said to be borne upon the 
leaves in the Cactus or Prickly-Pear, the dilated and 
succulent stems of the plant being mistaken for leaves. 

.Sect. IV. Of the Floral Envelopes. 

109. The coverings of a flower generally consist of 
two whorls ; the outer of which is termed the calyx and 
the inner the C(trolla. 

Liruueiis called all the floral envelopes taken together 
iho perianth, hut this name, as well as the corresponding 
one pcrigt)nium,\n now chiefly employed for the floral 
envelopes in the cases where the calyx and corolla are 
confounded together, apparently forming a single cover¬ 
ing, as in the Lily and Tulip ; or where being composed 
of several whorls we aic unable to ascertain the limits 
of each orga'.i, as in the Calycanthus or Carolina 
Allspice (p. ICO). 

There being no means ( f distinguishing a calyx from 
a corolla excepting by their relative position (97), when 
.1 single whorl only exists it is called a calyx whatever 
may be its texture or color. A calyx, therefore, may 
exist without a corolla, but not a corolla without a 
calyx. Care must be taken, however, in the application 
of thi.s rule, that the calyx docs not escape our notice, 
as when it adheres to the ovary and its existence is indi¬ 
cated solely by the presence of a few scales or bristles 
which form its border; as in all Composita;, the Vale¬ 
rian and Scabiou3‘tribes, Ate. 

It is worthy of remark, that the prevailing number of 
parts in each row of the floral coverings, is five in 
Exogenous plants, and three in Endogenous plants. 
Exceptions to this rule are of frequent occurrence, 
especially in the first-named division, although the 
numbers 5 and 10 are much the most common. By 
far the greater part of Endogens exhibit 3 sepals and 
3 petals, or some multiple of this number. 

110. The mode in which the sepals and petals are 
arranged in the flower-bud is termed their (estivation or 
protfioration. It is found to be of considerable conie- 
quence in practical botany, and its several kinds have 
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received distinctive names. There are three principal 
modes of aestivation, viz.: 

1st. Valoate (fig. 70, ^.); when the sepals or petals 
fit by their edges, not overlapping each other. Ex. 
the sepals of (he Mallow tribe, and the petals of Um¬ 
belliferous plants. ' 

2d. Imbricated (fig. 70, b.) ; when the oiitcrmosl 
pieces cover the margins of the inner, as in the calyx 
of Hypericum. Of ihi.s there are iiiqipy subordinate 
varieties. 

3d. Twi.'ited or contorted (Jig. 70, c.) ; when each 
piece overlaps its neighbor by one margin, the other 
margin being covered in the sanu! w.iy by the adjacent 
piece, the whole appearing to be more or l<‘ss spirally 
twisted. The petals of the Mallow and of Hyjtericum 
exhibit this ki.nd of •a'slivation. 


* Fig. 70. 




Most irregular flowers have some peculiarity in their 
ajstivation, but these varieties are usually reducible to 
one of tin- lliiee preeeiling forms. • 

Itis worthy t)f notice, tii it the asstivalion of the calyx 
and corolla is not always of the, same hind. In the 
Spiderwort (Trade-tcaniia), the calyx has a valvate, 
and the corolla an imbricatttd and crumpled testivation 
The calyx in the Mallow tribe is valvate, and the co. 
•rolla twisted. The Flax lias the calyx twisted one 
way, and the corolla in the opposite direction. 

I. The Cii.vx. 

111. The CALYX is usually of a green color and leaf¬ 
like texture, and is more permanent than the corolla; 
but these characters are not universal, many plants 
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having a colo7'cd calyx, i. c. exhibiting some other color 
than green. In Fuschia it is larger and much more 
richly colored than the corijlla. In all Cruciferous 
plants it drops off at the same time as the petals, and 
in plants of the Poppy tribe siill earlier. 

Each piece, or transformed feaf of which the 
calyx is made up, is called a sepal. Sepals arc 
either di.stinct or united by their margins more or 
less c.vtcnsively, When they arc distinct, the calyx 
is said to be <!-, 3-, 5-, or poly-sei)alous, according to 
the number of sepals. When they arc united forming 


Fig 71. 
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one body, the calyx is said to be manosepalotis or one- 
scpaled, and to be parted, eh ft, or tciothed, according to 
the degree of cohesion, this language being understood 
to mean that the scveial sepals have partly or entirely 
grown together, and not that the calyx is a simple cup 
or tube, notched at^its border or summit. To avoid this 
ambiguity, De Candolle proposes to call a calyx with 
united sepals a gamoscpalovs calyx, a term which 
correctly ex|)rcsscB the nature of the organ. The 
older botanists, not using the name sepal, called such a 
calyx monopliyllous, or one-leaved. 

The coherent portion of a monosepalous calyx is 
terme"! the tube, and its spreading border the limb 
(fig. 71, a.). If the sepals are all united to their very 
tips, the calyx is said to be entire; the number of 
sepals entering into its composition being ascertainable 
only by analogy, or by observing the number and 
arrangement of the veins. Sometimes a part of the 
sepals cohere to a greater extent than the others, giving 
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rise to a two-lipped or bilabiate calyx, as in most 
Labiate (fig- 71, b.). In a few instances the sepals 
cohere so as to form a«cIosed cup, placed over the 
flower like an extinguisher upon a lamp; the growth 
of the corolla and seamens at length detaches the calyx 
by its base, and it falls off when the flower expands. 
This is seen in Eschscholtzia, a native of tlic western 
coast of America, now' so generally introduced into our 
gardens. #. 

The calyx usually hills soon after flowering, but 
occasionally it remains, becoming juicy or pulpy and 
acquiring a consideralilo size, as in the Slravvberry- 
Blite and the common Wintergreen {Gau lke.ria pro- 
cumhens); the line red berries, as they appear to be, 
in these cases consisting of the tliicUened and pulpy 
sepals. * , 

112. The calyx beiwig the exterior, and the pistils the 
innermost or upi>cnnost of the (lor.il organs, the origin, 
or as botanists say the insertion, of the calyx is neces¬ 
sarily inferior or below the pistils. Sometimes, how¬ 
ever, the tube of the calyx colieres with the surface of 
the ovaries, its border spreading from their summit on 
which it seems to grow; as in the apple. In this case 
the calyx is said to be superior; but it would be more 
accurate to say with the French botanists, that it is 
adherent to the ovary. We meet with all degrees of 
this adhesion. In some Saxifrages the calyx adheres 
to the ovaries about half their lengil#; the urn-shaped 
calyx-tube of the Rose 1 fig. 81, a.) encloses, but 
does not adhere to the pistils ; while the thickened and 
juicy c-ilyx of the Apple is perfectly incorporated with 
the fruit. 

113. ' Often, when the calyx is superior, or in other 
words adherent to the ovary with which itsatube 
IS intimately united, the limb is either altogether 
wanting or so changed from its ordinary aspect 
that the flowers are apparently destitute of calyx. 
Several examples drawn from plants of common 
occurrence will illustrate the great diversity in 
the appearance of a superior calyx. In CBnothera 
or Evening Primrose, the ovary occupies only the 
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lower part of the tube; in loiiardia, a genus of tl»o 
same family, it occupies the whole lube 71, c.). 
In Umbelliferous plants, the lioib of the calyx is reduced 
to five minute teeth {Jig. 71, d.), and sometimes to a 
little rim or disk without teeth. In Compositas the 
limb is called pappus, and consists either of several 
scales {Jig 71, e.), or of a toft of bristles or still’ hairs 
{jig. 71, which we consider as the attenuated frame¬ 
work of the lifob of the calyx. 

2. The Coeolla. 

114. The coROELA is generally the most conspicuous 
part of the flower, and is known by its delicate texture 
and lively color, which is scarcely ever green. These 
characters commonly api)ertain lo»the corolla ; but it is 
more accurattdy defined as the scries of floral envelopes 
intervening between the calyx and the stamens 

The several portions of the corolla, or as they are 
termed petals, are alternate with the sepals, and either 
equal to them in number, or twice, three times, or some 
other multiple of their number. This is a necessary 
consequence of the laws which govern the arrangement 
of leaves (98). 

In the young flower-bud the petals are much smaller 
than the calyx, but* in the expanded flower they arc 
usually considerably larger; sometimes, however, they 
remain in the form of little scales, and in many plants 
are altogether wanting. They are almost always arti¬ 
culated with the receptacle, and therefore fall off sooner 
than the calyx; sometimes they have no articulation, 
and are persistent, remaining a longer time then usual, 
or withering away without fulling off, as in Campanula or 
Bell-ilowcr. 

The structure of petals is like that of genuine leaves, 
except that the cellular tissue is more delicate, and the 
fibrous frame-work or veining consists of spirtiI-vessels 
without any woody fibre. They frequently exhibit sto¬ 
mata or breathing-pores. 

115. When the petals are all distinct and separate, 
tfe* «on()lla ttk.Raid to be polypetalous ; when their edges 
grow- together so as to form a tube, the corolla is com- 
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monly called monopetalous, as in Campanula and Con¬ 
volvulus. This term is open to the same objections as 
that of monophyllous oj monosepalous as applied to 
the calyx. A truly monopetalous or one-petaled co¬ 
rolla exists in Amorpha (98), in which all the petals 
save one are wanflng; but such cases are very rare. 
To avoid this inaccuracy, De Candolle substitutes the 
term gamopetalous, meaning connected petals. 

116. A petal is sometimes narrowed towards the base, 
appearing to consist of two parts, like the petiole and 
lamina of a leaf {Jig. 72, a.). The narrow, stalk-like 



portion is the unguis or claw ; and the spreading por¬ 
tion supported by the claw is the lamina or Jimb. 
The claws, adhering by their edges, form the tube of a 
monopetalous corolla {fig. 72, b.), and the spreading 
rims the border. The orifice .of the tube is called the 
faux or throat. 

A corolla is said to be regular when all the petals 
are nearly of the same form and size. When they are 
unequal in size, or cohere unequally, it is irregular. 

16 
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117. The principal forms of a monopetaloiis corolla 
are: the campanulate or bell-shaped {jig. 72, c.), as'in 
Campanula or Bell-flower, w]iere there is no proper 
tube, the petals gradually diverging from the base to 
the summit; infundibuliform or funnel-shaped, as in 
Convolvulus {fig. 72, d.), which iS like a bell-shaped 
corolla raised upon a tube, the petals being united 
quite to their tips; hypocrateriform or salver-shaped 
{fig. 72, b.), when the long tube has the limb spreading 
from it at right angles, as in Lilac, Phlox, &-c.; and 
rotate or wheel-shaped, which may be viewed as a 
salver-shaped corolla with a very short tube, as in 
Lysimachia. 

A labiate or ringent corolla {fig. 72, e.) results from 
the unequal cohesion of the petals, as in Monarda didy- 
ma and all Labiate plants; the two upper petals, co¬ 
hering almost'to their tips, form the upper lip, and the 
lower lip consisting of three petals similarly united. 

A singular modification of the labiate corolla exists 
in Teucrium or Germander, in which the two upper 
petals, instead of uniting with each other, cohere with 
the lower ones, the flower being thus destitute of an 
upper lip. When the upper lip is arched, as in Galc- 
opsis or Hemp-nettle, it is sometimes termed the galea 
or helmet. 

A truly labiate corblla always has the throat open. 
When a similar corolla has the throat closed by a pro¬ 
jection of the lower lip, as in Snapdragon {fig. 72, f.), 
it is called personate or masked, and the portion of the 
lip closing the throat is named the palate. 

118. A regular polypetalous corolla is said to be 
rosaceous {fig. 73, a.) when it consists of several 
(usually five) spreading petals, destitute of claws or 
with yery short ones; as in the Rose and Apple. It is 
liliaceous when the petals are erect, gradually diverg-’ 
ing from the centre, so as to resemble a bell-shaped 
flower. It is caryophyllaceous when there are five ‘ 
petals with long erect claws concealed within the calyx, 
ae in tbe^ink {jig. 72, a.). When there are four petals 
af tbi* Itkid the corolla is cruciform {fig. 73, b.) ; the 
four ^reading limbs being placed opposite each other 
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ii} pairs, form as it were a cross. The Radish, Water¬ 
cress, and all Cruciferous plants, have this kind of 
corolla, from which the name of the tribe is derired. 

Fig. 73. 



Among the various forms of irregular polypetalous 
corollas, only one fias received a spccia^ name, viz. the 
papilionaccovs corolla {fig. 73, c.), so called from a 
fancied but not very striking resemblance to a butterfly. 
It has five petals, of which the upper being larger 
than the others, covers them before the flower expands, 
and is called the vexillum or standard; the two lateral 
ones, parallel with each other, are the ala. or wings ; 
and the two lower ones, usually cohering more or less 
by their lower margins, so as to appear like a single 
petal, form the cariiia or keel. Papilionaceous corollas 
are only found in the Pea tribe. * 

119. An anthodium (105) is usually called a com¬ 
pound flower, and on a superficial vi^w the head of the 
Sun-flower or Coreopsis might be taken for a single f 
flower; the involucre representing a calyx, and the i 
flowers next the margin the petals of a polypetalous * 
corolla, the smaller crowded flowers in the centre being 
often mistaken by careless observers for stamens or pis¬ 
tils. A little attention, however, shows that each of 
these arc distinct flowers, provided for the most part, with 
a calyx, corolla, stamens, and pistils. The flowers of 
such a head arc usually called florets; those of the 
centre are termed yZorets o/tAe dfsi {fig. 74, a.), and 
exhibit a tubular corolla of five petals. Usually, those 
of the margin are larger and diflerently shaped from 
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the others, and are called of the ray (fig. 74, 6,). 

These ray-florets have a monopetalous tubular corolla, 
like those of the disk, split dojvn on one side nearly to 
the bottom, and spreading so as to form a flat surface. 

Such a corolla is 
'termed ligvlate or 
strap-shaped. If the 
student will com¬ 
pare the disk and 
ray-florets of a Co- 
reopsis,or any other 
plant of the same 
tribe with the corol¬ 
la of the Cardinal- 
flower (LobeliaCar- 
dinalis, fig. 74, 
c.), he cannot fail 
to understand the 
structure of a ligu- 
late corolla. 

All the florets are ligulate in the Dandelion; and 
they are all tubular in Eupatorium, the Thistle, Cen- 
taurea, &e., none of which exhibit rays. Most com¬ 
monly, however, the disk-florets are tubular and the 
marginal ones ligulate. 

A flower destitute of corolla is said to be apetalous. 

120. The corolla is frequently provided with certain 
appendages, which are in some cases mere prolonga¬ 
tions of the petaEfand in others an inner row of petals 
or modified stamens adhering to the corolla. Nearly 
all these appendages were included by Linnaeus under 
' the name of Nectary, whether they had any special power 
of secreting honey or not. Of the first kind is the spur, 
which in the Violet, Orchis, Snapdragon, &c., is'a pro¬ 
longation of the base of the lower petal. The petals of 
Silene have membranous scales growing from their up¬ 
per surface just where the the claws expand into limbs; 
in this case they are said to be crowned, and the ap¬ 
pendage is termed a corona. In Cynoglossum, or 
Hound’s-tongue, the scales of the corona completely 
close the throat of the corolla. In Narcissus they grow 




Fig. 74. 
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together, forming a cup within the petals, which in one 
species (the Daffodil) is as long as the true petals, ex¬ 
hibiting the appearance of an inner bell-shaped corolla. 

At the base of each ptftal of the Ranunculus, there is 
a small honey-bearing spot or scale, usually called a 
nectary. Prof Lhidley suggests this scale to be a 
modified slatricn united with the claw of the petal. 

The spurs or horn like bodies of the Columbine, Monks¬ 
hood, and other plants of the same family, called necta¬ 
ries by the older botanists, are true pAals. 

121. The corolla has been thought to be destined for 
the protection of the stamens and pistils during their 
growth; but that this is not its ])rincif)al office is evi¬ 
dent from the fact, that those organs arc so far advanced 
as to need no special protection before the petals are 
large enough to protect them. 

A few years ago M. Dunal advanced.the idea, that 
the corolla is an apf)aratus for the conversion of the 
starch deposited about the base of the flower into sugar, 
for the nourish merit of the anthers, pistils, and young 
seeds. It is well known that petals possess the power 
of producing honey, without the intervention of any 
special glandular apparatus. It bedews the tubes of 
most corollas, but is never found previously to the ex¬ 
pansion of the floun^r, and its exposure to light and air. 
It is also well known that the d^k (143) or receptacle 
of many flowers is filled with starch, which gradually 
disappears during the process of flowering. It was also 
remarked in another place (77), that*jlrptals even in*sun- 
shine deteriorate the atmosphere by taking away oxygen 
and returning an equal bulk of carbonic acid; now the 
same chemical change takes place when starch is con¬ 
verted into sugar. The theory of Dunal derives great 
plausibility from the ready explanation which it offers 
of these Ihcts; it not only accounts for the aetkon of 
petals in deteriorating the atmosphere, so different from 
that of leaves, and for the elevation of temperature 
which is sometimes observed (in some Arums espe¬ 
cially) during the expansion of the flower, but also indi¬ 
cates a hitherto unsuspected analogy between flowering 
and germination ; since in both processes a portion of 
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carbon is converted into carbonic acid by means of the 
oxygen of the atmosphere, and starch is changed into 
sugar. The sugar thus produced by the corolla, is con¬ 
veyed to the anthers and yo'ung seeds, forming as it 
were their appropriate food ; and the honey which is 
80 abundant in many flowers is £fn excretion of the 
superabundant portion. 

The office of the calyx when it is colored and petal¬ 
like, is undoubtedly the same as that of the corolla: 
when green and*leaf-like, iis action upon the atmosphere 
is similar to that of ordinary leaves. 


Sect. V. Of the Stamens, or Fertilizing System. 

122. A STAMEN consists of two parts; the anther or 
pollen-case, a'od the filament or stalk upon which the 
anther is borne. Although generally present, the fila¬ 
ment is no more essential to a stamen than the claw to 
a petal, or the petiole to a leaf. The number of the sta¬ 
mens varies in ditferent ])lants, from one to several 
hundreds. Most frequently the)- are as numerous as 
the petals, or the petals and sepals taken together. If 
they are fewer than the pieces either of the calyx or 
corolla, we may be sure that a part of the true or nor¬ 
mal number are transformed or abortive; if they-are 
more numerous, the difference is owing to the develop- 
ineqt of one or m^re additional rows (98). 

Nearly all Emjogcnous plants have either three or six 
stamens, and, although there are many exceptions to the 
rule, the number five or ten is most common in Exoge¬ 
nous plants. Even when they are very numerous, so 
as to be called indefinite, they are usually some high 
multiple of the primitive number. 

12S. The stamens arise from the torus or receptacle 
of the flower (143), and occupy one or several rows 
between the base of the petals and the pistils. When 
they are eqntl in number to the petals, they are alter¬ 
nate with Astd; a circumstance which is in perfect 
aecordaaiiit^th the present views of the structure of 
the flo#ipjp|98). Almost the only exception to this 
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rule is found in Primula and the whole Primrose tribe, 
in which the stamens are opposite the petals. To ex¬ 
plain this anomaly, we are obliged to suppose that 
such flowers arc normally provided with two whorls of 
stamens, of which the outermost is constantly unde¬ 
veloped ; and in cdlifirmation of this view, in one plant 
.of that tribe (Samolus Valerandi), the outer row makes 
its appearance in the form of five sterile filaments, alter¬ 
nating with the petals. , 

When two or more whorls of stamens are developed, 
they are commonly so much approximated as apparently 
to form a single row, but sometimes the second series 
may be detected by the difference in length. Thus, in 
Geranium, and Oxalis or Wood-Sorrel, there are ten 
stamens (or two w'horls), of which five arc considerably 
longest. • 

124. Although the stamens really arise in all cases 
from the torus just within the petals, yet they are ex¬ 
ceedingly ajit to contract adhesions with the organs in 
their vicinity ; when, their true origin being obscured, 
they are said to arise from, or, in botanical language, to 
be inserted into, the calyx, corolla, &c., as the case may 
be. Thus, in almost all monopetalous flowers the 
stamens adhere for a part of their length to the tube of 
the corolla. In the Lilac the anthers seem to grow 
out of the corolla, the whole filament being insepa¬ 
rably united with the tube. 


Fig. 7.'). \ 
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When the stamens contract no adhesion with neigh¬ 
boring organs, but surround the base of the pistil, they 
are said to be hypogynous {jig. 75, a.), or below the 
ovary. When they adhere by their bases to the tube of 
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the calyx,* as in the Apple, Strawberry, &c., they are 
said to be perigynous {Jig. 75, b.), or around the pistil. 
When the tube of the calyx is adherent to the ovary, 
the stamens are also carried up with it, and seem to 
arise from the top of the bvary ; as in all Umbelliferous 
plants. In this case they are saftl to be epigynous 
(Jig. 75, c.), or upon the ovary. Sometimes the sta¬ 
mens adhere to the pistil beyond the cal}'x, forming a 
column with thc^style, as in the Cypripedium or Ladies’- 
slipper, and all the Orchis tribe. Plants with this un¬ 
usual structure are called gynandrous, and the central 
body,consisting ofiilaroents, anthers, styles, and stigmas, 
grown together into one mass, is called the columv. 

125. The stamens are occasionally connected with 
each other in various ways. In the great family of 
Composita; or compound flowers, rthe anthers cohere 
into a ring, wMle the filaments are. distinct, (Jig. 76, a.); 
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and in Lobelia, both the anthers and the upper half of 
the filaments are combined into a tube. When the an¬ 
thers are thus united the stamens are said to he^synge- 
nesiau.’!. There are several families bearing flowers, 
with the filaments united while the anthers are distinct. 
Thus, in the Mallow tribe, the filaments grow together 
for half their length or more, forming a cylinder which 
surrounds the pistils. In this case they are said to be 
monadelphous (fg. 76, b.), or to form a single brother- 

* Or, rather, to a membranous expansion of the toms lining the 
tube of the calyx. 
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hpod. When they are joined in two sets or bundles, 
iheiy O-te diadelphous; and this union takes place in 
■several modes. Most o^ the Pea tribe have ten sta¬ 
mens, of which nine are united by their filaments into 
a single set, and one is free {fig. 76, c.); but in .iEschy- 
nomcne they are equally diadelphous, that is, combined 
into two sets of five stamens each. The stamens are 
diadelphous in Fumaria and Corydalis in a very singu¬ 
lar manner ; a good idea of which ma )4 be obtained by 
supposing four sta.mens to cohere into a tube, and then 
to be cleft quite to the base directly through two oppo¬ 
site stamens, so that each bundle consists of a perfect 
stamen in the centre with a half-stamen on each side. 

When the bases of the filaments cohere in several 
sets, as in some Hypericums, the stamens are called 
polyadelphous {fig-^f), d.). 

126. The stamens,are usually of equal length or 
very nearly so, but in many flowers they are unequal. 
When there are four stamens, of which two are longer 
than the others, as in Snapdragon, and a groat part 
of Labiate plants, they are said to be didynamous {fig. 

76, c.). When there are six stamens, of which four are 
longer than the other two, as in Cabbage, Mustard, and 
all Cruciferous plants, they are termed tetradynamous 
{fig. 76,/). 

127. The filament or stalk of Ihe stamen is usually 
a slender and thread-like or somewhat flattened body, 
having the same structure as .the claw, of a petal; that 
is, consisting of a bundle of spiral vessels with little 
or no woody fibre, surrounded by cellular tissue. 

As has been already remarked (97), the filament is 
sometimes so much dilated that it can be distinguished 
from a’petal only by the anther upon its summit. Fig, 

77, a, represents one of the outermost stamens of the 
Water-lily in this condition. Occasionally the filament is 
slender below and much dilated towards the summit, as 
in Thalictrura clavatum {fig. 77, b.) ; while in Campan¬ 
ula and Chimaphila maculata {fig. 77, c.) the base is 
dilated into a fleshy scale. In some Cruciferous plants 
the filament is toothed or forked {fig. 77, d.). The fila¬ 
ments of Tradescantia or Spiderwort are very curiously 
tufted with long colored and Jointed hairs {fig. V7, e.). 
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128. The anther is a little bag or receptacle of pol¬ 
len, borne on the summit of the filament. It is joined 


Fig. T7. 
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to the filament in several ways. In the Lily and in all 
true Grasses \he anther is fixed by its middle upon the 
apex of the filament, as on a pivot {fig- 78, a.), and in 



Fig. 78. 




this case it is said to be versatile. Sometimes the base 
* of the anther is firmly united with the summit of the 
filament, when it is said to be erect, or innate (-fig. 77, 
6 ., and 78, h. c. d.) 

Sbmetimes its back adheres to the side of the fila¬ 
ment, when it is said to be adherent or adnate. If the 
anther grows to the inside of the filament, it is said to. 
be turned inwards, or introrse, as in the Paeony ; if it 
grows to the outside of the filament, it is said to be 
(lirned outwards, or extrorse, as in the Butter cup and 
'sibenioae. 
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.129. The anther usually consists of two oblong bags, 
called lobes or cells, held together by the connectivum, 
which is merely a prolongation of the filament; just as 
the midrib of a leaf is a continuation of the leaf-stalk. 
The form of the anther is subject to many variations, 
arising principally Trom the union or separation of its 
sells, and the shape of the connectivum. In Menisper- 
mum, or Moon-seed, each cell being deeply divided, 
the anther is four-lobed (fig. 78, h.). ,In other cases 
the two lobes grow into one, as in the Mallow tribe; 
and again in the Arrow-root tribe only one cell appears, 
the other one being abortive. It occasionally happens, 
also, that the anther-cells, instead of standing side by 
side, diverge from each other so that they might be 
mistaken for a one-cclled anther placed across the top 
of the filament. This is the case in all the species of 
Monarda (fig. 78, c.);,and the anthers of* the Mallow, 
(fig. 78, d.), are similar, except that the two cells really 
grow into one by the union of their contiguous ends. 
In Justicia peduncnlosa, the connectivum is forked, 
each fork bearing an anther-cell (fig. 78, e.); and in the 
Sage (fig. 78,/), the long connectivum is placed across 
the filament, one end bearing an anther-cell, and the 
other usually having none at all. The slender horns 
of the anther in Violets, especially in Viola rostrata 
(fig. 78, g.), and the bristle-like sippendages of Vacci- 
nium and Andromeda (fig. 78, A.), are prolongations 
of the connectivum. % . 

130. Each cell of the anther is usually marked with 
a line or furrow, running from top to bottom. This 
is the suture or line of dehiscence, by which, when the 
flower is fully expanded, the cells open, and the pollen 
falls oiit. The bursting of the anther at a determined 
period, "is owing to the conversion of its cellular 
lining into a tissue of fibres, variously coiled or inter¬ 
woven ;* forming a multitude of little springs which 


* Purkinjfi, De cell, anther, fibrosis; fide 0e Candolle, Physio¬ 
logic Vegetale, II., p. 534; and Mirbel, Surla structure de VarUhere 
el du pollen, in Recherches sur le Marchantia, p. 55, et seq., pi. ix. 
f. 101,102,103, and 105. 
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mechanically force open the anther and push out the 
pollen. The coat of the anther is moreover very 
hygroscopic, contracting anc^ rolling outward by dry¬ 
ness, so that it opens in dry weather only, at which 
time the pollen can best perform its office. Some an¬ 
thers open by a transverse instead of a longitudinal 
line ; but this is commonly owing to the divergence cf 
the anther cells so that they touch each other by their 
lower ends only, in fig. 78, c. d., and thus the ex¬ 
ception is rather apparent than real. 

In the Potato, and also in all the Ericineae or Heath 
tribe, the suture opens only by a little hole at the 
top of each cell, through which the pollen is dis¬ 
charged. The anther of Chimaphila maculata or spot¬ 
ted-leaved Wintergreen (fig. 77. c.) is a good illus¬ 
tration of this mode of opening. “In the Barberry and 
the Sassafras', the anthers open hy little valves hinged, 
as it were, at their upper edges ; a mode peculiar to the 
respective tribes to which these plants belong. 

131. The colored, powdery substance contained in 
the anther-cells is the pollen. Its office is to give life 
to the ovule or young seed. To the naked eye the 
pollen appears to be a fine powder, but when magnified 
sufficiently, it is found to consist of a multitude of little 
grains, the shape of which is perfectly similar in each 
plant, but widely different in different families. They 
are usually spherical or oval; but in the Teasel they are 
many-sided, in tfac Evening Primrose triangular (fig. 
86.), and in the Spiderwort cylindrical. The surface 
is generally smooth, but is sometimes furnished with 
strong points or bristles. 

In most plants the pollen is powder-like, but in 
Fuschia and the Evening Primrose the grains are 
loosely held together by a sort of web. In many Or- 
chiifea:, the grains cohere in threes and fours, and in 
others they all slick together, forming a solid, wax-like 
mass,, which fills the anther-cell. Waxy pollen is also 
found in the Asclepias tribe. 

132. The grains of pollen have two coats ; the outer 
one is thick, somewhat fleshy and quite firm ; the inner 
is an excessively delicate and very extensible membrane. 
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With an ordinary miscroscope, the contained matter 
seems to be merely a turbid fluid; but when submitted 
to a magnifying power gqual to about 300 diameters, 
a great number of spherical or oblong particles arc 
observed, all of which are in rapid and ceaseless motion 
on their axes. The largest of these particles are com¬ 
puted to be about the 5000th of an inch in diameter; 
the others are many times smaller. 

The prevalent views as to the nature qf these particles, 
together with the office of the pollen, will require 
notice after we have examined the structure of the 
pistil. 

133. The reasons which induce us to believe that 
stamens are transformed leaves, much as they differ 
from those organs in appearance, have been noticed in 
another place (97).' Assuming the correctness of this 
view, which no one who has properly investigated the 
structure of flowers will, we think, be inclined at 
the present day to dispute, it may be stated that the 
filament represents the claw of a petal, or which is 
the same thing, the petiole of a leaf. The filament is 
not an essential organ, but serves merely to support 
the anther, and, like the petiole or the claw of a petal, 
it is sometimes wanting. The anther is the transform¬ 
ed lamina of the leaf, the midrib being represented 
by the connectivum, the two sides are changed into 
anther-cells, and the margins are represented by the 
suture or line by which the cells usraally open. That 
portion of the cellular tissue of a leaf which adjoins 
the cuticle is changed into a peculiar fibrous tissue, 
and the remainder is transformed into grains of pollen. 

Secy. VI. Of the Pistil or Frvctifying System. 

134. The Pistils, or seed-bearing organs, (Jig. 79), 
arise from the transformation of the uppermost whorl 
of modified leaves of which the flower is composed, 
and accordingly occupy the centre of the flower. The 
earlier botanists had no conception of their true origin 
and nature; thus, Linnaeus supposed them to originate 

17 
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from the pith, while the stamens he imagined to arise 
from the wood. It has been found impossible to 
explain, upon any principle, ^the varied forms which 
the pistil assumes, until the complete establishment of 
the theory of vegetable metamorphosis. To none of 
the floral organs does this theory a{)ply more perfectly 
than to the pistil. By conceiving them to be trans« 
formed leaves, subject to the same laws of develop¬ 
ment as ordina^’y leaves, every thing relative to the 
position, connexion, and structure of pistils, and 
consequently of the fruit, is susceptible of an easy 
explanation. 

There are usually several pistils in each flower; the 
normal number is undoubtedly the same as that of each 
row of the petals, sepals, &c., but the former are much 
more liable to have their original number reduced by 
suppression than the other floral organs. Thus the 
Pea and the Cherry have a single pistil, while the 
Columbine and the Larkspur (79, a.), have several 
in a single whorl, and those of the Ranunculus are 
still more numerous, forming several whorls. Soli¬ 
tary pistils are not, however, so common as is often 
supposed; for pistils like the sepals, petals, and stamens. 


Fig. 79. 

d 
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Ijave a strong tendency to cohere with each other; as 
in the Lily, {jig 79, 5.), where what appears at first 
view to be a single pist^, really consists of three united 
ones. 

135. Each transformed leaf, or component part of 

the whorl (as in jig. 79, a, d.), is called a carpel or 
simple pistil; and w'hen, as in the Lily {jig. 79, b.), 
the carpels are combined into a single body, they 
form a compound pistil. , 

That each carpel is a modified leaf is sufficiently evinced 
in the case of the monstrous Cherry, which we have al¬ 
ready had occasion to notice (97, aiid fig. 63.). Here the 
carpel reverts to the state of a leaf, and sometimes a 
second one appears, the two being situated exactly oppo¬ 
site each other, like a pair of ordinary leaves. This 
interesting accident, if we may so call it, illustrates the 
manner in which the curious transfornfhtion of a leaf 
into a pistil is effected. The leaf is folded upwards, its 
superior surface becoming the inside, and its lower 
surface the outside of the carpel. All carpels are 
undoubtedly formed in the same method. The two 
lines or seams which we may commonly notice, one on 
the outer, and the other along the inner edge of each 
carpel, represent, the former the midrib of the fruit- 
bearing leaf, and the latter its united margins. 

136. The inflated portion of the carpel {jig. 79, c.), 
which forms a case for the ovules or young seeds, is 
called the ovary, or by Linnaeus the germen. This 
is the folded lamina of the leaf. ^Js apex usually 
tapers into a slender column (the style), the summit of 
which is commonly a little enlarged, forming the stigma. 
The appearance of the style is very variable, being* 
sometimes very long and thread-like, and at others short 
and thick: in many cases it is wholly absent, being no 
more essential to a pistil than a petiole to a leai^ or a 
filament to a stamen. Both the stigma and the ovary, 
however, are always present. 

The stigma is the only part of a plant (except the 
spongelets of the roots) which is destitute of cuticle. 
It opens directly into the tissue of the pistil and is 
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therefore always moist in the living plant. We can¬ 
not here notice its various forms; sometimes it is a 
little round head, sometimes a minute point, and occa¬ 
sionally dilated and petal-likS. In some cases it is 
smooth, in others hairy ; sometimes the hairs are placed 
in several whorls around it, giving it the appearance of 
a bottle-brush {aspergilliform), as in many Grasses: 
in others it is plumose, or furnished with a double line 
of liaiis like a feather. 

The stalk of tlie carpel, representing the petiole, l.< 
generally wanting, yet it appears in several plants, as 
in Coptis or Gold-thread {fig. 79, d.). When present it 
is termed the stipe or support, or, more definitely, 
a thecaphore or pod-bearer. 

137. The seeds, or as they are called in their early 
state, ovules, are always attached to the line represent¬ 
ing the united*^margins of the leaf {fig. 79, c.), and 
never upon the outer seam, or midrib. It is conjec¬ 
tured that seeds are produced on the vciulets of the 
leaf projecting beyond the margins; but this is not 
susceptible of direct proof. 

The seed-bearing seam of the carpel is commonly 
somewhat thickened, so as to project a little into the 
the cavity, increasing the surface for the attachment of 
the seeds. This line, consisting, as we have already 
remarked, of the united margins of the leaf turned 
inwards, is called the placenta. Often, indeed, it is not 
very apparent, but commonly it projects a little into the 
cavity of the ovary, in a few instances reaching quite 
to the opposite seam, dividing the cell into two com¬ 
partments. These unusual cases excepted, a pistil 
'-^Tade of a single leaf is always one-cellcd. A simple 
Iffltil also, can have but a single style and stigma, 
Although the latter is occasionally lobed or partly 
divided. 

138. All iraagirtftblq degrees of connection between 
carpels may be obferrtd. In Asclepias and Apocynum 
the styles are c^ereiit, the ovaries remaining sepa¬ 
rate; but this is Anusual. In the Saxifrages the ova¬ 
ries are consiwjnly united at the base only. The 
comncti||.vt|Pi|ella of gardens {N. Pamascena) has 



THE PISTILS. 


isr 


the ovaries perfectly coherent, while the styles are dis¬ 
tinct; but in the Lily (jig. 79, h.) and in many other 
plants, the ovaries, styles, and stigmas are inseparably 
united. 

When the ovaries are unconnected or distinct (as in 
jig. 79, a, c, d.) they are said to be apocarpous: when 
rfiey grow together forming a compound pistil, as in 
the Lily, the Poppy, &c., they are said to be concrete 
or sf/ncarpous. These terras are of ©reek derivation, 
meaning simply in the one that the fruit is separate, 
and in the other united. 

139. We now proceed to consider pistils in a state 
of cohesion, beginning with the most simple form, the 
union of two carpels, which takes place more or less 
completely in nearly all Saxifrages. When there are 
two separate carpels in a flower they i^e so situated 
as to face each other by their seed-bearing or inner 
edges (as in Jig.79, e.) ; and if their contiguous por¬ 
tions grow together, they produce a compound ovary 
of two cells, with the placentae in the axis (jig. 79, f.) 
This arrangement results from the cohesion of two 
simple pistils. In the next place we may notice a 
compound pistil formed by the union of three simple 
pistils. The Tropaeolum or common Nasturtium of 
gardens affords us a familiar example of this kind 
(jig. 80, a.), presenting a three-felled ovary resulting 
from the union of three carpels by their inner edges, 
the placentae being in the axis as in the former exam¬ 
ple. When five, or a greater number^of carpels grow 
together, the number of cells in the cdtnpound ovary 
will in each case equal the number of carpels of which, 
it is composed, each cell being an ovary. " 

The.partitions dividing the ovary into several cells, 
are called in botanical language dissepiments sUhey 
are evidently the sides of the carpels, or in other 
words, the indexed margins of the leaves. Each 
dissepiment, it will be perceived, is necessarily double, 
although the two sides are often so intimately joined 
as to exhibit no trace of the union. 

It is equally evident, that true dissepiments cannot 
be more numerous than the carpels themselves, neither 
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can they divide an ovary horizontally. No transverse 
divisions, therefore, are true dissepiments. The pieces 
composing the walls or 8ide» of a compound pistil, 
are usually termed valves. Thus the ovary of Hibis¬ 
cus Syriacus (Althaea frutex of gardens) is five-valved 
and five-celled; and that of the Nasturtium is three- 
valved and three-celled. 


Fi<r. 80. 
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140. Assuming the examples just referred to as the 
most simple kind, or type of compound pistils, we pro¬ 
ceed to notice some deviations from the ordinary struc¬ 
ture of very common occurrence, which, keeping in 
view the principles already deduced, will admit of au 
easy explanation. Suppose three carpels {fig- 60, h.\ 
the sides of which are moderately folded inwards, yet 
not so as that their margins touch each other, to co¬ 
here into a single body. The result is a one-celled 
ovary of three valvep or pieces, with three placentae 
projecting into the cell, but not reaching to the centre 
so as to furm partUions. In this case the placenta; are 
said to be parietal or attached to the walls of the 
ovary. The Poppy has an ovary of this kind, except 
that it is comi'losed of more than three carpels. In the 
'.ti'rchis, tho Blood-root, the Violet, &c. {fig. 80, c.), 
tlie edges of the carpels are not indexed at all, but 
merely grow together, and the seeds therefore scarcely 
projfe’ct into the cavity of the ovary; in these cases 
the placentae are more strictly parietal than in the 
former case. 

The Pink tribe presents an anomaly in the structure 
of tlie ovary, which, at first sight, is rather puzzling. 
The ovary, which consists of several carpels, is one- 
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celled, and yet the placentae are in the axis, forming what 
is called a free central placenta (fig. 80, d.). If we 
examine an ovary of this kind at an early period, the 
cause of the anomaly will be obvious. It is then 
divided into sewal cells, by very slender dissepi¬ 
ments reaching to the centre, where the thickened 
placenta; unite into a single spongy mass. The ovary, 
therefore, is originally constructed upon the ordinary 
plan, but its shell growing much faster than the par¬ 
titions, the latter are stretched, and finally torn in 
pieces, scarcely a trace of them being observable in the 
full-grown ovary. 

The student will occasionally meet with other ano¬ 
malies ; but by a recurrence to these first principles of 
the structure of pistils, little difficulty will attend their 
explanation. It mdst be borne in mind,^hat each organ 
is in all cases constructed on the same general plan, 
and, as Professor Lindley justly remarks, we have no 
right to infer that the simplicity of design so generally 
manifested in the works of nature, is departed from in 
those special cases, which we may be unable rightly to 
understand without due reflection. 

141. In syncarpous ovaries (138) the styles are some¬ 
times distinct, and in other cases united into a single 
column, which is often confounded with a simple style. 
When they grow together for a |)ortion of their length, 
as in the Mallow, we commonly say that the style is 
divided or cleft. It will, however,’be recollected that 
in this, as in other analogous instances, we continue to 
use these expressions for the sake of c^venience only, 
meaning simply that the styles are only jparti ally co¬ 
herent. As each carpel or component parToT a ’com¬ 
pound. pistil has its own style, the number of the styles, 
or when these are entirely coherent of the stigmas, 
is usually a correct index of the number of carpels 
entering into the composition of such a pistil. 

143. It has been observed (112) that the tube of the 
calyx sometimes grows to the surface of the ovary, car¬ 
rying with it the petals and stamens, so that all these 
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organs seem to arise from the summit of the ovary. In¬ 
stances of this kind are represented in fig. 71, d, e, f, 
Here the ovary is said to be ii^erior, which means the 
same as “ calyx superior or adherent,” and vice versa. 
The cup of the Rose very satisfactorily explains the 
manner in which ovaries become inferior, {fig- 81, a.). 
It is not, as at first sight it seems to be, a single infp< 
rior ovary, but an urn-shaped calyx-tube, investing a 
concave receptacle (143), to which a great number of 
separate carpels are attached; each carpel being fur¬ 
nished with its own style and stigma. These little 
ovaries might be mistaken for seeds, but seeds never 
bear styles. The principal difierence between the pis- 


Fig. 81. 



tils of a Strawberity and a Rose is that the receptacle 
of the one is convex, and of the other concave. Fig. 
81, c, d, from^ Lindley, is intended to illustrate this. 
In the Strawberry (d) there are several rows of carpels 
'Wranged'lli’the usual order, the innermost series occu¬ 
pying the summit of the receptacle; in the Rqs'e (c), 
theyjire disposed in the same manner, except that ex¬ 
terior rows of carpels are carried above the innermost. 

The ovaries of the Apple and Pear (jig. 81, b.), which 
are similar to those of the Rose, but are much fewer in 
number and usually contain two or more seeds, are 
slightly adherent by their inner edges, entirely sur¬ 
rounded by the juicy receptacle, and enclosed by the 
thickened and succulent calyx. 
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143. The torus or receptacle is the extremity of the 
peduncle, upon which the carpels and the other organs 
of the flower stand. It is not, therefore, a proper or¬ 
gan, although often spolien of as such. The apex of 
the peduncle is usually slightly enlarged to make room 
for the insertion Sf the pistils, the stamens, and the 
floral envelopes. Sometimes, however, it forms a fleshy 
rkig surrounding the base of the pistil; as in the Orange 
pV gj {fig. 81, e.), when it is called a disk. In the 

‘ Nelumbium, the top-shaped 3isk is furnished 
^ with a number of cavities, in which the carpels 
I are half buried. In the Strawberry the recep- 
Jj|L tacle is very much enlarged, having the car- 
pels scattered over its surface; it at length 
becomes juicy, forming the delicious pulp which 
BH is commonly mistaken for the fruit of the plant, 
e Often the receptacle elongates v«ty much, form¬ 
ing a stalk for the pistils, as in Cleome; or for the pistil 
and stamens together, as in Gynandropsis, and, less ma¬ 
nifestly, in many plants of the Pink tribe; or forming a 
slender axis on which several whorls of carpels are com¬ 
pactly aggregated, as in the cones of the Magnolia. In 
the Geranium the torus appears in the form of a slender 
beak, projecting far beyond the ovaries and cohering 
M'ith the styles. 

144. The rudiments of the ^iure seeds, at their 
earliest appearance, are little pulpy excrescences of the 
placenta. These gradually increase in size, and about 
the time of the expansion of the flower, or a little pre¬ 
vious to this period, have become Sregular-shaped, 
usually roundish bodies, fixed to the pnmenta by one 
side. These are termed ou?(lcs; they are rrw»y»ti Madr. 
but are destined to become seeds ate future period. 

Ovules either stand directly on the face of the pla¬ 


centa, or upon the extremities of slender prolongations 
of that body ; which are sometimes very short, but not 
uncommonly several times the length of the ovule, as 
in the Cockle {Lychnis Gitkago.) The seed-stalk re¬ 
ceives the name of the funiculus or podosperm. 

The number of the ovules varies greatly. There is 
but a single one in the ovary of the Peach, Cherry, &c.; 
and only one in each cell of the compound ovarv of the 
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Tropseolura or garden Nasturtium. In other cases 
there are several, and often a great number, upon each 
placenta. When their numb^ is uniform and not re¬ 
markably great, they are said to be definite ; but when 
it is variable, or, whether variable or constant, too great 
to be readily counted, the ovules are said to be indefi¬ 
nite in number. , 

As to the situation of the ovule within the cavity/bf 
the ovary, we a\a.y remark, that when the organ i^at- 
tached to the bottom of the ovary, it is said to be erect ; 
if it be fixed to the placenta just above the base, as in 
the Apple, when it naturally takes an upward direc¬ 
tion, it is termed ascending. In the Cherry it is sus¬ 
pended from the summit of the cell, and is said to be 
pendulous. Ovules are horizontal, when they project 
from the side of the cell, turning .neither upwards or 
downwards; ats in the Pea. The place by which the 
ovule joins the placenta is usually called its base, and 
the opposite extremity its apex. The determination of 
these two points, which is a matter of considerable con- 
eequence, would be quite easy were it not that most 
ovules during their growth either curve upon them¬ 
selves, or are inverted upon their stalks; the apparent 
base and apex of the full-grown ovule and seed seldom 
corresponding with the true base and apex. We 
■hall soon have occaq/on to return to this subject. 

145. An ovule consists of a conical pulpy mass, 
termed the nucleus, invested by two coats or sacs. In 
fig. 82, a represents the outside covering, or, as it is 
called, the prjihine; b the secundine or inner coat; 
and c the nuc^us. 



Mirbel has ascertained that, besides 
these coats, the nucleus has three cover¬ 
ings proper to itself, severally en'Closing 
each other; but often only one, or at 
most two of these are distinguishable. 

The primine and secundine do not en¬ 
tirely cover the nucleus, but leave at the 
apex a round hole, called the foramen 
(fig. 82, d.), which at a certain stage of 
growth is sometimes so large that it more 
nearly resembles the mouth of a goblet 
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than a hole. It gradually contracts, closing up entirely 
when the ovule becomes a seed. 

The nucleus and the t^o sacs have no organic con¬ 
nection with each other except at the base of the ovule, 
where vessels pass from one part to the other, and unite 
several parts quite fumly. This common point of union 
is termed the chalaza {fig. 82, e.). It is important to un- 
d^stand the true situation of the chalaza and foramen, 
sinse they furnish the key to the whole/tructure of the 
future seed. Their relative situation being determined 
by inspection, the internal structure of the ovule or 
seed may be inferred with certainty without dissection; 
the chalaza always indicating the real base, and the 
foramen the real apex of the ovule. It has moreover 
been ascertained by a great number of observations, 
that when the ovule.bccomes a seed, or in other words 
when an embryo plant is formed in its nticleus, the ra¬ 
dicle or root of the rudimentary plant always points to 
the foramen, and the cotyledons (174) to the chalaza. 
Thus the one fact is the certain index of the other. 

When the ovule preserves its original form {fig. 82.) 
throughout its growth, having a rectilinear axis with 
the chalaza next the placenta and the foramen at 'he 
opposite end, it is said to be straight or orthotropous. 
This is the primitive and most simple form of all ovules, 
although not of the most common,occurrence. All the 
Cistineae or Rock-rose tribe, and all the Nettle tribe, 
have orthotropous ovules. • 



There are several families of plants in which, at an 
early period and from some unknown cause, the ovule 
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curves round upon itself, the apex and the base being 
brought nearly into contact. (See Jig. 83, in which the 
parts are lettered as in Jig. 8^) Such ovules arc said 
to be curved or campulitropeus; and their axis is a 
curved line passing through the centre from e the base 
to d the apex. 

The Pea tribe, the Pink tribe, and all Cruciferous 
plants hate curved ovules. /' 

There is a tlyrd modification which is the most ?*)m- 
mon and also the most singular of all. In this kind the 
ovule, at a very early period, while yet a homogeneous 
mass, begins to grow more rapidly on one side than 
the other; consequently it is turned to one side, and 
finally inverted on the funiculus, so that its foramen 
or apex points to the placenta, the chalaza being at 
the opposite extremity. Ovules of this kind are said lo 
be inverted or anatropous. Three points are to be ob¬ 
served in inverted ovules (Jig. 84.), viz. d, the foramen, 
which indicates the true apex of the organ, looking to¬ 
wards although not connected with the placenta ; e, the 
chalaza or true base of the ovule, having the appa.cnt 
situation of the apex; and the hilum or point of at¬ 
tachment to the placenta, which is in this case quite 
distant from the chalaza. 

In both straight and curved ovules the hilum and the 
chalaza are confluei^it with each other, or at least are 
separated only by the thickness of the primine (Jig- 82 
and 83, e.); but in inverted ovules they are separated 
usually by the prhole length of the ovule. Among other 
characters, sui?h ovules are recognised by the presence 
of a line o^ridge passing from the hilum io the cha- 
vtti'iea a raphe (Jig. 84, /.). It is a cord of 
vessels destined to establish a communication between 
the chalaza and the placenta, being evidently nothing 
more than the upper portion of the funiculus adherent 
to the face of the ovule. Anatropous ovules exist in 
numerous families ; those of the Apple, the Orange, the 
Violet, and especially of Viola (now Solea) concolor, 
are fine subjects for examination. 

In the Primrose tribe, the funiculus adheres to the 
face of the ovule for about half its length only, and being 
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accordingly suspended by its middle, with the foramen 
and chalaza pointing in each direction, it said to be 
heterotropous. It is plajn, however, that this is no 
more than a modification of the anatropous form, the 
inversion being incomplete. 

All ovules, and consequently all seeds, occur under 
some one of these three modifications. Each tribe or 
nalural family uniformly exhibits one, and only one, of 
these forms ; the structure of the ovulq, consequently, 
furnishes excellent family characters. To avail our¬ 
selves of these characters is by no means a difficult 
task, although it requires an eye considerably practised 
in microscopical investigations.* 


* In this brief account of the structure of the ovule, it has been my 
object to present a condc/lscd .summary of the estakli.shed fads, ex¬ 
clusive of minor details, aijd divested of all unnecessary technical 
language. I have purposely omitted all mention of the progress of 
discovery, and of the observations by which these facts were ascer¬ 
tained, as well as of the different terms employed in the descriptions 
of different writers. Our knowledgeof thestructure of the ovule and 
seed is of quite recent date. We are indebted for it, in every essen¬ 
tial particular, to the inve.stigations of two of the greatest—and in 
this department certainly the two greatest—^botanists of this or any 
other age, viz. Brown and Mirbel. The observations of Brown are 
principally comprised in his “ Observations on the structure of the 
unimpregnated ovulum,” appended to a paper on the genus Kingia, 
read before the Linnaean Society in the yea£ 1825; but the same views 
are incidentally thrown out in several papers of earlier date. Those 
of Mirbel are published in two papers, readbt^ore the Academy of 
Sciences at Paris, in 1838 and 1829. 1 have wholly adopted his 
views, which are far more simple and satisfactory than those of 
any preceding writer. The descriptions of BriSm are rendered 
unnecessarily complicated by assuming the point o¥^pparent junc¬ 
tion with the placenta (which in the seed is mdicate^y. tJieWluml 
as the true base of the ovule, while the chalaza is taken as iSe bWe 
of the secundine and nucleus. So, in an orthotropous ovule the base of 
the primine and of the secundine and nucleus are .said to correspond; 
but in the anatropous form, the ovule as a whole is considered Wbe 
erect, and the secundine and nucleus inverted; or in otlier words, 
the base of the one coincides with the apex of the other. Thus when 
• in the descriptions of those who adopt this view, the nucleus is 
said to bo erect, the ovule is orthotropous; and when the nucleus is 
said to be inverted, the ovule is anatropous. The bases of the se¬ 
veral parts of the ovule, however, are never disjoined, as this 
langu^e seems to indicate. 


18 
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Sect. VII. Of Fertilization, or the action of the 
Pollen on the Pistil. 

146. We have said that ovfiles finally become seeds, 
but they are not merely ripened into seeds, the latter 
being something more than full-grdwn ovules. If the 
stigma be carefully protected so that no pollen fall upon 
it, although the ovules continue to grow until they attain 
their full size, yet they never become seeds. It usually 
happens, however, that a quantity of pollen does fall 
upon the stigma, and is retained by its glutinous surface: 
shortly afterwards a minute speck is discoverable in the 
nucleus, which becomes an embryo, or rudimentary 
plant; and the ovule then becomes a seed. 

The ancients seem to have been vaguely acquainted 
with the office of the pollen, in several instances. The 
general fact, however, that the use of the stamens is to 
produce pollen, and that pollen falling upon the stigma 
gives life to the ovules, was first clearly and expressly 
stated by the English botanist Ray, in the year 1694; 
and thenceforth this fact, though sometimes disputed, 
was familiar to the botanists of those times. In 1735 
the great Linntcus published his Fundaments Botanica; 
in which he not only embodied the facts already known 
on the subject, but recorded many interesting observa¬ 
tions of his own, establishing beyond contradiction the 
office of the stamens and pistils. We pass over the well- 
known and oft-repeated experiments by which these facts 
were demonstrated, as our object is only to present the 
the actual staty of botanical knowledge, not to account 
for its origii^ or trace its history. 

■ ®-ll®ttion may firstly be directed to the ar- 
ran^ments for securing the application of the pollen to 
the stigma. At the period when the flower expands, the 
aR^Jher-cells are closed, and the pollen is moist. Soon, 
however, the grains of pollen absorb into their interior 
the moisture of the cell, and the lining of the anther 
becoming dry, is rent into shreds and fibres (130); when 
the outer coat gives way at its suture, and the pollen 
falls out in the form of a dry powder. 

The stigma at this period is bedewed with a clammy 
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fluid, which serves to retain the grains of pollen that fall 
upon it; sometimes it is also provided with a tuft of 
hairs for brushing the pollen out of the anther-cells. 

The relative position ot the anthers and stigmas is ge¬ 
nerally such as to favor mechanically the application of 
the pollen to the latter. When the flowers are erect, 
the stamens are usually a little longer than the pistils ; 
and when the former droop, the pistils are commonly 
longest; but many exceptions to this rule are known. 
The flowers of some species of Aloe, in which the 
pistil exceeds the stamens in length, are pendulous at 
the period of fertilization, although they are erect both 
previously and afterwards.* When the stamens and pis¬ 
tils are in separate flowers, the staminate flowers are 
commonly highest, as in Indian Corn and Typha or 
Cat-tail flag, so that^ portion of the pollen must neces¬ 
sarily fall upon the stigmas. When thk arrangement 
docs not exist, as in many forest-trees, or where the sta¬ 
mens and pistils are borne upon separate plants, as in the 
Willow, Hemp, &c. the great abundance of pollen com¬ 
pensates for the less favorable position of the flowers. 
Insects in search of honey frequently brush the pollen 
upon the stigma, and thus aid in fertilization. Sir James 
Edward Smith maintained that the sole use of the honey 
of flowers, with respect to the plant, is to entice insects 
for this very purpose ! 

148. There are a few well-kno’^n instances in which 
fertilization is facilitated by certain special movements 
of the stamens. Thus, those of some Saxifrages, of 
Parnassia, and, still more strikingly, of the Rue, are 
one after the other inclined over the pistil when they 
give out their pollen. The stamens of B.-? 
approach the pistil by a jerk whenever they are touched 
at the base on the inside; at the same time seldom 
failing to project a quantity of pollen upon the stigwHtf 
This remarkable instance of vegetable excitability was 
noticed in the preceding chapter (88). The same 
end is eflected in the Kalmias or American Laurels by 


De Candolle, Physiologk Vegctale, 11., p. 681. 
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means of a singular mechanical contrivance already- 
noticed (65). These plants have erect flowers, and the 
stamens being considerably shorter than the pistils, it 
would seem that, apart froth the aid which insects 
often afford, the fertilization of its ovules could only be 
brought about by some accidenf. Little, however, 
is left to chance in this instance. Previously to the 
expansion of the flower, the ten anthers are receiv¬ 
ed into as many little pouches in the side of the mono- 
petalous corollb, where they are secured by a viscid 
secretion. By the spreading of the corolla, the filaments 
are strongly curved outwards, remaining in that situation 
like so many springs until the anthers burst, and the 
pollen absorbs the glutinous matter which confines 
them ; being the nliberated, they suddenly fly upwards 
with considerable force, throwing ,the pollen upon the 
stigma, . 

149. When grains of pollen are allowed to fall upon 
water, they absorb it rapidly and the grains burst. 
The office of the pollen, therefore, is liable to be frus¬ 
trated by rain; long-continued wet weather at the time of 
flowering being, as husbandmen well know, very inju¬ 
rious to ■ fruit-trees and crops of grain. This evil 
is, however, in a great degree guarded against by the 
property the anthers have of opening only in fine wea¬ 
ther. So also when flowers are made to expand under 
water, their anthers^ontain no good pollen, and their 
pistils never perfect fruit. 

In this view the economy of various aquatic plants 
is extremely interesting. The Pond-weeds (Potamo- 
geton) live eptirely in the water, producing their flower- 
budsJ^fU^ti/its surface; but previously to the expansion 
^the flowers the peduncles elongate, and carry them 
above the water, so that the pistils are fertilized in the 
aws. Soon afterwards they sink again, and ripen their 
seeds under water. The flower-stalks of the white 
Water-lily and Nelnmbium, and the stems of the Water- 
shield {Brasenia Hydropeltis) sometimes attain the 
length of fifteen or twenty feet in our lakes and ponds, 
so as to bring the flowers to the surface, their length 
wholly depending on the depth of the water. 
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We must not pass over the curious mode of ferti¬ 
lization which Vallisneria presents, so often related 
both in prose and verse. This plant abounds in stag¬ 
nant and slow-flowing waifers both in Europe and North 
America; it is dioecious, that is, the staminate and pistil¬ 
late flowers are borne on diflierent individuals. The 
pistillate flower is supported by a long, very slender and 
spirally coiled flower-stalk. Just at the time when the 
flower is ready to expand, it is elevated to the surface 
by the uncoiling of the spiral flower-stalk. Meanwhile 
the staminate flowers are produced at the bottom of the 
pool, on short flower-stalks which are incapable of rising 
to the surface. The staminate flower-buds, therefore, 
break off from the peduncle, and rise in great numbers 
to the surface, where they expand and shed their pollen 
around the pistillate flower so abundantly as often to 
cover the whole surface of the pool. When the pistils 
are fertilized, their peduncles resume the spiral form, 
and draw the ovaries beneath the water, where the fruit 
is matured. 

1,50. All our knowledge concerning the action of the 
pollen after it has reached the stigma, is of very recent 
date. Previously to the discovery of the remarkable 
facts which we are about to notice, no plausible account 
of the mode of fertilization had been given, if we except 
an attempt to avoid the difficulty altogether, by supposing 
that the matter contained in the pollen-grains gave an 
impulse to the stigma which extended to the ovules by 
a kind of sympathy. Of this hypothesis, which was for 
a long time prevalent, De Candolle remairks, that being 
altogether insusceptible of proof, it consequently has 
the merit of being little exposed to poaitiv€SK)biections. 
The earliest observation calculated to throw light upon 
this hitherto mysterious subject, was made by Amici in 
the year 1823. While examining with his powerful mir''' 
croscope the pollen of a species of Purslane, which had 
remained some time upon the stigma, he discovered that 
several of the grains had projected from some point of 
their surface an extremely slender tube, like thatrepre- 
18 * 
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sented in fig. 85, which is a highly-magnified grain of 
pollen with its tube.* 



A few years afterwards, M. Adolphe Brongniart dis¬ 
covered these pollen-tubes in a great number of plants of 
difierent families; and his observations have since been 
confirmed and variously extended by Robert Brown, 
and other eminent botanists. These tubes are a pro¬ 
longation, or rathersa growth, of the inner coat of the 
pollen, filled witl)^. the fluid of the pollen-grains and the 
minute particles floating in it (132). They do not 
exceed the (fiOOth of an inch in diameter, and of 
course can only be seen by the aid of powerful glasses. 
Usually tfe^ make their appearance only in pollen 
that has been for several hours applied to the stigma, 
pollen-grains thrown upon water bursting too suddenly 
swd violently to allow of their production; but it is 


♦ Prom an observation of the late estimable Mr. Elliott (Flora 
S. Car. and Georgia I. p. 32'^, it appears that pollen-tnbes were 
first detected by him in a single species (Podostigma pubescens), 
and traced from the anther quite to the ovary; but he seems not to 
have suspected their origin or use. 
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Stated, that a liquid, composed of two parts of strong 
sulphuric acid and three of water, causes their produc¬ 
tion in the same manner^as the stigmatic surface itself, 
but much more promptly. 

The grains of pqjlen having lain for some time on the 
humid stigma, open usually at a single point, but in several 
cases at two or more points of their surface; and 
their thin and highly extensible inner lining is slowly 
prolonged into a slender tube. Thcs| tubes sink into 
the lax tissue of the stigma, and gliding between the 
cellules and along the intercellular passages, pass down 
the style quite into the tissue of the placenta. Just 
at this period the curving of the ovules (145) is elTeeted, 
by which (in the anatrupous form) the apex of the 
ovule is brought in contact with the placenta; a commu¬ 
nication being thus.established between the pollen and 
the foramen of the ovule. There can be little doubt that 
the pollen-tubes thenlselves extend to the mouth of the 
ovule, and that one or more of the particles it contains 
are deposited in the nucleus. The pollen-tubes have in 
several instances been traced into the ovary; and that 
master-spirit in botany, Robert Brown, has more than 
once seen them inserted into the foramen of the ovules. 
M. Brongniart has also observed that those ovules, the 
apices of which are not bent down to tbe placenta, usually 
curve their stalks at the period of fertilization, so as to 
bring their mouths in contact wifk some portion of the 
placenta. Now, whether one of those curious active par¬ 
ticles (132) contained in the pollen-grains is deposited in 
the nucleus of the ovule, and becomes the embryo plant; 
or whether the fluid of the pollen merely stimulates and 
gives life to an embryo already existing in ibe ovqjejit is 
impossible for us to determine; neither is it probable that 
we shall ever possess the means of deciding the question. 

F^g. 86, is intended to represent the manner in wWCh 
the pollen of the common Evening Primrose (CEnothera 
bienni£j acts upon the stigma; a a are pollen-tubes 
emittdtf from the angles of the grain of pollen, and b is 
the tissue of the stigma into which they penetrate. Fig. 
B7, represents the manner in which the pollen-tubes 
descend in the style of the Snapdragon. Both these 



Sta ORGANS OF REPRODUCTION. 

figures are very highly magnified; they are taken from 
Lindley (Introduction to Botany), who borrows them 
from Brongniart. 

In leaving this part of our subject, of which we have 
presented the merest outline, we refer the curious 
reader for further information, to those works and me¬ 
moirs in which these remarkable facts are recorded. For 
an account of Professor Amici’s investigations, see the 
2d. and 2l8t. volumes of the Annales des Sciences Natu- 
relies : the memoir of M. Brongniart is contained in the 
12th. volume of the same work. Robert Brown’s paper 
on the mode of fecundation in the Orchidese and Ascle- 
piades, is contained in the Transactions of the Linnsean 
Society of London. 

Sect. VIII. Of the Fruit. 

151. The fertilization of the ovules being accomplish¬ 
ed, and an embryo or miniature plant, or rather a minute 
body capable of growing into a plant, being formed in 
each, the pulp of the nucleus hardens, the integuments 
become firmer, the hole at the apex closes up, and the 
ovule is now called a seed. Meanwhile the ovary itself 
undergoes some changes, and the first to be remarked 
is its rapid increase in size. Sometimes the texture 
of the ovary remains nearly the same as at first; but 
it often becomes drj^ and leather-like, or crustaceous, 
or even woody; uot unfrequently it is subject to a 
change of an opposite character, becoming first fleshy, 
and at length pulpy or juicy. The ovary is now 
termed the pericarp or seed-vessel; and this, with 
the. seeds it encloses, constitutes the fruit. The term 
fruit has a more extensive signification in botanical, 
than in ordinary language. It is applied to the full- 
g?flftvn pistil whatever may be its size, form, or texture, 
and whether it be edible or otherwise. A grain of 
wheat or corn, or of the Sunflower or Thistle, is as 
truly a fruit as a peach, a gooseberry, or a melon. 

The fruit, therefore, is not a new or distinct organ, 
but the fertilized pistil in a mature state. Its structure 
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must accordingly be similar to that of the pistil; as it 
can hare no organs or parts which did not exist, under 
some form in the fertilized ovary. It often happens, 
however, that parts whicn exist in the ovary are lost 
or suppressed in tjje fruit. Thus, to take some fami¬ 
liar examples, the ovary of the Oak has three cells, 
each cell containing two well-formed ovules ; but in the 
acorn or ripened fruit there is uniformly a single cell 
and a solitary seed. In the ovary of th^Chestnut, there 
are seven cells and fourteen ovules; the ripe chestnut 
has only one cell, filled by a single seed. Hence in one 
instance two cells and five ovules, and in the other 
seven cells and thirteen ovules are obliterated to make 
room for a single seed. In such cases, either all the 
seeds except one arc destroyed by some unknown cause 
at an early stage of th^ir growth; or, which is more proba¬ 
ble, one seed (perhaps the one first fertilize) being more 
vigorous than the otRers, robs them of their share of 
nourishment, and thus causes them to perish; and as it in¬ 
creases in size, obliterating the adjoining cells by its 
pressure, it at length fills the whole cavity of the ovary. 
So constant and regular is this suppression, that whenever, 
as occasionally happens, an acorn or chestnut is found 
with three cells and several seeds, it is called a monster; 
whereas it is clear that the acorn or chestnut with 
a single seed which has strangled all its brethren in 
their infancy and grown large at Uieir expense is the 
real monster. The same thing happens in the fruit 
of the Horse-chestnut, in which the suppression of 
several seeds and the obliteration of the cells may be 
most distinctly traced in all its stages. Such 
instances De Candolle appropriately terms constant 
accidents. 

Occasionally the true structure of an ovary is masked 
in a different manner, the fruit seeming to be mdtS 
complex than it really is. The simple one-celled pod 
of Astragalus becomes spuriously two-celled during its 
growth, by the turning inwards of the back of the 
carpel which comes in contact with the placentas at the 
opposite side. In the Martynia, or Unicorn plant, a 
one-celled ovary with two parietal placentae becomes a 
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spuriously four-celled fruit; the partitions arising from 
the spreading lobes of the placentae adhering to the walls 
of the seed-vessel. So, likewise, the two-celled fruit 
of the Thorn-apple (Datura Stramonium) appears 
to be incompletely four-celled, bijt an inspection of 
the ovary reveals the true structure of the fruit. 
These examples are sufficient to show the impor¬ 
tance of examining the ovary, whenever we are in 
any doubt as to the true nature of a fruit. 

152. The transformation of a leaf into a petal, a sta¬ 
men, or a pistil, is not more extraordinary than the 
changes it undergoes when the pistil is changed into a 
fruit. In some cases, the ovary grows into a fleshy 
body, which gradually changes into an agreable pulp, 
as in the grape. Sometimes it is transformed into a 
bony nut, as in the hazel-nut, the,Cocoa-nut, &c.; and 
in other casec it becomes in part a hard and dry body 
like a nut, and in part a delicious pulp; as in the plum 
and peach. 

Such transformations are not necessary to the 
existence of fruits, many of which preserve nearly 
the ordinary texture of leaves: neither are they 
confined to seed-vessels; for in more cases than is 
usually supposed, other modifications of leaves, and 
even stems, undergo the same changes. Thus, to 
notice a few examples out of many, the calyx changes 
into a crustaceous body in Salsola and Spinage ; it is 
greatly thickened; red and juicy in the Strawberry-Blite, 
and pulpy and agreeably-tasted in the Wintergreen 
(Gaulthcria ); being in both instances commonly mista¬ 
ken for the fruit, from whichit is wholly distinct. Nearly 
the whole bulk of the apple is a thickened calyx. In 
the Yew, the bracts become pulpy and berry-like ; the 
flesh of the Bread-fruit{j4rfocarpus incisa) results from 
■vlre thickening of all the floral envelopes of a large head 
of flowers, and their union into a single compact mass; 
and lastly, the delicious pulp of the strawberry is the 
enlarged and juicy extremity of the flower-stalk! We 
might easily multiply examples, proving that every or¬ 
gan of vegetables is subject to all the transformations 
which we niMIpf to suppose peculiar to the fruit. 
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The process of fruiting, moreover, is not more difficult 
to understand, nor indeed is it very dissimilar to the 
accumulation of starch in the Potato, or the formation 
of sugar in the roots of Beets, the stem of the Sugar¬ 
cane, or the corolla^f flowers. 

153. Those fruits which preserve a green color and 
leaf-like texture during their growth, as the pods of 
Peas and Beans, are furnished with breathing-pores 
like true leaves: they receive the ascepding sap, part 
with its superfluous water by evaporation, affecting the 
atmosphere in the same manner as ordinary leaves. 
If, however, the quantity of parenchyma diminishes, 
that of the lignin increasing either absolutely or re¬ 
latively, the seed-vessel loses its green color, and be¬ 
comes dry and parchment-like, or crustaceons, or even 
bony; in which casei^it no longer receives the ascending 
sap, or produces any effect whatever on the surrounding 
atmosphere. * 

The fruits which become fleshy or juicy, may be sup¬ 
posed to acquire that state in the same manner as the 
stems and leaves in the Cacti or Prickly-pear tribe, 
the Ice plant, &c. Their cellules, fllled with elaborated 
sap which abounds with mucilage, jelly, &c., form an 
endosmometric apparatus (65), attracting the ascending 
sap by virtue of the greater density of the contained fluid. 
The stomata are mostly closed to guard against exces¬ 
sive evaporation, and a large quantily of water is solidi¬ 
fied by combining with the tissue o> the fruit. Such 
fruits, however, continue to evaporate slowly, and while 
their green color remains they affect the atmosphere 
just like true leaves, except when their constituents are 
undergoing certain chemical changes. Thus, when 
grapes become sour they abstract oxygen from the atmo- 
spliere, but when in ripening they become sweet, they 
restore to the air even a greater amount of oxygen thSEn 
they had previously absorbed from it. 

. The various colors which the surface of fruits assume 
during their growth are probably owing to certain 
changes of the chromule, analogous to what takes place 
in leaves just before their fall. 
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154. The process of ripening consists in certain 
chemical changes or reactions, to which the accumu¬ 
lated products are subject ipider the influence of air, 
light, and especially of a proper temperature. That it 
is not owing to the acquisition of new materials, is 
evident from the well-known fact, that nearly all full- 
grown fruits are capable of ripening when separated 
from the stem. This was also demonstrated in the 
most striking manner by M. Tschudy,* who succeeded 
in grafting young melons upon gourds, and the fruit of 
the Tomato upon the stem of a Potato; the fruits 
grew and ripened, preserving their own peculiar flavor 
unaffected by the stock. When ripening commences, 
the acid of the fruit usually increases in quantity, and 
in cherries and currants it continues to increase until 
the fruit is matured. In other edible fruits the acid after 
a time diminiohes, and the quantity of sugar rapidly in¬ 
creases. The sugar is formed by the action of the vege¬ 
table acid on the gummy, gelatinous, and woody matters, 
which are very susceptible of being changed into sugar 
(80). Thus, M. Couverchel found that if apple-jelly be 
treated with acid we obtain a kind of sugar resembling 
that of grapes; that the gum of peas mixed with oxalic 
acid is converted into sugar by heat; that the gum ex¬ 
tracted from starch renders the juice of green grapes 
sweet; and that tartaric acid produces the same effect 
by the aid of heat suggesting the reason why most 
fruits become swtet when cooked.f 

Fruits will not ripen in air containing no oxygen; 
which by combining with the excess of carbon 
enables the constituents of the fruit to undergo the 
necessary changes. So, if fruits be plucked just before 
they ripen, and placed in an atmosphere free from 
oxygen, they may be preserved for a very considerable 
'Itliie in that state, and when again exposed to the air, 
they ripen as well as before. Ripe fruits, also, do not 
decay in the absence of oxygen, but after some time 
they undergo other changes. 


♦ Essai sur la greffe, SfC., De Candolle, Pkysiologie yigitak. 
t De Candolle, PhysiologU Vegetak, II., p. 586. 
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155. As the pericarp or seed-vessel is nothing but the 
matured ovary, its structure must be the same as that 
of the pistil from which ij results ; the principal differ¬ 
ences between the young and the ripened ovary, apart 
from the increased 4ulk of the latter, consisting, as has 
been already observed, not in the production of any 
new tissue, but in the disproportionate growth, or annihi¬ 
lation, of some previously existing parts, and in certain 
changes of their texture. When an ovjry is cut across 
we commonly observe that its walls are composed of 
three more or less distinct parts, viz.: an outer and an in¬ 
ner lining, and an intermediate fleshy or pulpy portion. 
If the pistil be a transformed leaf, the inference is una¬ 
voidable that these parts correspond respectively with 
the cuticle of the upper and lower surface, and its 
intermediate green pylp or parenchyma. In many seed- 
vessels the intermediate portion wholly disappears, and 
the inner and outer edats are inseparably joined, appa¬ 
rently forming a single membrane ; this is similar to the 
change which takes place when leaves are transformed 
into scales, as in the covering of buds (43). It more fre¬ 
quently happens, however, that these portions are 
more distinct as the ovary advances to maturity, and it 
becomes necessary to distinguish them by separate 
names. The exterior coat is therefore termed the epi- 
carp; the inner lining, the endocarp, or oftener as it 
forms the flesh of the fruit, the sard^arp. Thus in the 
peach, the stone (consisting of the cuttle combined with 
the denser parenchyma of the upper surface of the leaf 
(jig'. 37), all in an indurated state) is the endocarp; the 
pulp (the enlarged and softened parenchyma of the lower 
sideofthe leaf) the sarcocarp; and theskinorouter cover¬ 
ing, is the epicarp. It is in fleshy fruits only, that these 
■Several parts are so remarkably distinct. In dry fruits, 
such as pods and capsules, the thin sarcocarp usuaKy 
grows firmly to the endocarp or epicarp, the walls appa¬ 
rently consisting of two portions only. 

156. After the ripening of fleshy fruits and the matu¬ 
ration of their seeds, they usually separate from the 
peduncle, falling to the ground entire ; and in due time, 
when the seeds grow, they find an abundant supply of 

19 
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nourishment in the decaying flesh of the pericarp. 
Many dry fruits, such as nuts, also fall to the ground 
entire, the firm pericarp serving as an additional 
covering to the seeds until tfiey begin to grow, when 
being no longer needed for their protection, it either 
opens in some way, or decays. Both these kinds of 
fruit, being closed throughout the whole term of their 
existence, arc said to be irtdehiscent. When,on the other 
hand, a pericarp splits open or falls in pieces, allowing 
the ripe seeds to’ disperse, it is said to be dehiscent, 
157. The mode in which the dehiscence or bursting 
of seed-vessels occurs, is easily understood by a recur¬ 
rence to the structure of the pistil. We commence 
with the most simple case; that of a fruit formed of a 
.single carpel. Such a fruit is commonly more or less 
iwo-edged; the outer edge representing the midrib, 
and the inner tOne the united margins of the folded leaf 
{jig. 88). If the fruit be dehiscent, it opens at matu¬ 
rity along one or both of these edges, which, for this 


Fisr. 88. Fig. 89. Fig. 90. 



'reason, are called seams or sutures. That occu¬ 
pying the place of the midrib, or the back of the leaf, 
is termed the dorsal suture {jig. 88, d.); the other re¬ 
sulting from the union of its margins, is exactly oppo¬ 
site the first {Jig. 88, v.), and is called the inner or 
ventral suture. To the latter the seeds are always 
attached in simple fruits. 
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When such a pericarp becomes old and dry, the 
most natural mode of dehiscence would seem to be by 
the inner suture, which (jpens merely by the disruption 
of the united margins. This happens in the Lark¬ 
spur (fig- 89), and*iti all follicles. In other cases both 
sutures open, as in the pod of the Pea, andallLegumi 
nous plants. In a very few- instances, as in Magnolia, 
the dorsal suture opens, the inner remaining closed 
All dehiscent simple fruits open in sewne one of these 
modes. 


158. We proceed, in the next place, to examine the 
dehiscence of a compound fruit; that is of a fruit formed 
by the union of several carpels. It is most natural to 
suppose that a body composed of several, say of five, 
carpels cohering by their sides, should fall in pieces 
when ripe, at the points of union, the carpels becom¬ 
ing again distinct. ^'I his happens iu'Kalmia, Rho¬ 
dodendron, &c.; and*is illustrated in fig. 91, which ex¬ 
hibits such a fruit after it has opened ; the annexed 
diagram, (fig- 92,) representing a transverse section of 
the same. Here the dehiscence taking place through 
the dissepiments, is said be septicidal; that is, to cut 


through the partitions. 

Fi„ gj F',„ 9 . 2 . A body called the columella 
or axis, is sometimes left in the 

» centre of the fruit; consisting 

either of'^ie united placenta; 
N. of the sevCTal carpels, as in 
Rhodendron, or of a pro- 
longation of the torus to which 
the carpels were joined, as is 

4_ \ seen in fig. 90. 

This kind of dehiscence 
merely separates the several 
carpels from their connection with one another; each 
of which may remain closed as in Umbelliferous plants 
(fig- 90), or may open by their inner suture as in Rho¬ 
dodendron (fig. 91), or occasionally by both sutures. 

In the Euphorbias, and the Castor-oil plant, the 
splitting continues to the fullest extent; the three car¬ 
pels in the first place separating from one another by 
a septicidal dehiscence, each opening by its inner 
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suture: soon after, the dorsal suture also gives way, 
and lastly, each piece splits into two, by the separation 
of the endocarp from the epicarp. 

159. When the several carpels of which a compound 
fruit consists, are more intimately united, it often hap¬ 
pens that the dorsal suture of each carpel gives way, 
thus effecting an opening into each cell. This is locu- 
licidal dehiscence. Fi^. 93, exhibits it in the two-cell¬ 
ed fruit of the Lilac, and Jig. 94, in the three-celled fruit 
of the Martagoh Lily. The annexed diagram (jig. 96,) 
of a transverse section of the capsule of Hibiscus, 
illustrates the same dehiscence in a five-celled fruit. 
Each valve, or piece into which the seed-vessel sepa¬ 
rates, has a portion of the dissepiment attached to 
its middle, a circumstance which was quite puzzling 
before the structure of such a fruit was fully under¬ 
stood. All difficulty vanishes when we view each 
piece, not as a single carpel, but as two half-carpels 
joined together, the dissepiment being formed of the 
united and indexed margins of two contiguous trans¬ 
formed leaves. 


Fig. 93. Pig. 94. 



160. The kind of dehiscence just described is some¬ 
times modified by the separation of the valves from 
the dissepiments, forming what is sometimes termed 
septifragal dehiscence. A convenient example oc- 
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curs in the Convolvulus or Morning-glory in which 

Piff 95. Pig 96 leaving 

• the partitions upon the recep- 
\ / \ tacle 96). In like man- 

I ' ^ \ / .*/ 1 ner, the two valves separate 

1 -—' V. / V \ from the placenta; in such 

' / \ ^ y one-celled fruits, as those of 

- Sanguinaria and Corydalis. 

All cases of true dehiscence may be*reduced to some 
one of the above mentioned forms; a little attention 
enabling us to explain the occasional anomalies that 
occur. Thus, in the Chickweeds and otTier plants of 


the Pink tribe, the sutures give way only at the apex 
of the seed-vessel, which is said to open by teeth 
97.) The fruit of the Poppy discharges its seeds 
through little holes hpjiearing just beneath the corners 
of the shield-shaped compound stigma. 'I'hese holes 
are weak points of the sutures, over which the angles 
of the stigma are so accurately adjusted that they do 
not appear until this body, becoming hard and dry, 
curves upwards and leaves them exposed. 


161. In several instances a seed-vessel opens by a 


transverse circular line following no sutures what¬ 
ever, but cutting directly across them. This is called 
circumscissile dehiscence ; but is an anomaly, and not 


a true dehiscence as we have employed the term; it 
takes place with great regularity Anagallis and a 
few other plants, the upper part of the seed-vessel 
separating evenly from the lower, like the cover of a 
box {fig. 98.). A fruit of this kind is sometimes termed 
a pyxidium ; that is, a little chest. 

The fruit of Jelfersenia is a 
pyxidium opening only half-way 
round. 

Some pods, instead of opening by 
sutures, separate transversely into 
several pieces when they become 
old, as in fig. 99.; this, also, is 
not a case of genuine dehiscence. 

In a few cases the walls of the 
seed-vessel are broken through. 
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ragged holes being formed, as if by great and 
irregular distention. The weakest part of the pericarp 
always gives way in these ipstances, and the bursting 
is effected with considerable uniformity. Thus the 
fruit of Campanula or Bell-flower isrtorn open near the 
base, while that of the Snapdragon bursts at the 
summit. 

162. We have given, as much in detail as our pre¬ 
sent plan will admit, the principal facts relative to the 
structure of fruits, and the circumstances from which 
their most remarkable modifications arise. Their 
diversities cf form and structure are more numerous 
than those of any other organ whatever. They are 
all, however, reducible to a few simple forms, and the 
application of the principles already laid down will rea¬ 
dily explain all their varieties. We shall close this sec¬ 
tion with a psfssing notice of the several kinds of fruits 
which have received special names, admitting only those 
of common occurrence in works of descriptive botany. 

Several celebrated botanists have contrived classifi¬ 
cations of fruits, defining all the possible varieties with 
great precision. To the accomplished systematic 
botanist, these minute arrangements are indispensable; 
yet, to avoid burdening the memory of the student with 
a great number of terms not in ordinary use, 1 have 
refrained from fully adopting any of these methodi¬ 
cal arrangements.jy* 

♦ The principal modem classifications of fruits which have at¬ 
tracted any considerable attention among botanists, are those of 
Richard, Mirbel, Desvaux, and Lindley. For the convenience of 
botanical students to whom the works of these authors are not ac¬ 
cessible, I subjoin an abstract of the latest and best of these arrange¬ 
ments, viz. that of Professor Lindley. I have substituted .other 
examples in place of the original ones whenever more' lamlliat 
illustrations could be drawn from well-known North American 
plants. 

Ciijiss I. S1MFI.E OB Apocarpous Fruits. 

Ovaries strielb/ simpk t only a single series preiluced by a single 

1. UTRtcuLDs: a ane-celled,one or few-seeded,snperior fruit,with 
a membranous pericarp, frequently dehiscent by a transverse 
incision. 

Examples. Amaranthu.°, Chenopodium. 
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163. We may coniiuence oiir enumeration with any 
.of the fruits formed of a single carpel; the follicle, 
however, is usually taken«as the type of simple fruits. 

The Follicle (Jig. 89.) is a ripened carpel, opening 
by its inner suture «only. The carpels represented in 
fg. 79, a, c, d, all become follicles in fruit. Some kinds 
of Larkspur bear solitary follicles, but generally several 
are produced in each flower, as also in the Columbine 


2. Achenium: a one-celled, one-seeded superior fruit, with a 
hard and dry indehiscent pericarp, not adhering to the integuments 
of the seed. Such fruits were considered by Linstseus as naked 
seeds with a bony covering; they are by some authors called tvuIs. 

Examples. Lithospermum, Onosmodium. 

3. 0RUPA: a one-celled, one or two-seeded, superior indehiscent 
fruit; the outer coat of \jhich is soft and fleshy, and separable from 
the inner or endocarp (the stone), which is hard |tnd bony.—The 
stone of this kind of fruit is called a nM by Richard. 

Examples. Peach, Plum, Apricot. 

4. Foluculus: a one-valved, one-celled, one or many-seeded, 
superior fruit j dehiscent by its ventral or seed-bearing suture only. 

Examples. Paeonia, Delphinium, Caltha. 

5. Leoumen : a one-celled, one or many-seeded, two-valved, su¬ 
perior fruit; dehiscent by its dorsal and ventral suture, bearing 
seeds along troth margins of the latter. A legume diflers in nothing 
from a fMicle except in dehiscing by both sutures. Sometimes 
it is indehiscent; but the sutures indicate the line of dehiscence. 

Examples. Bean, Pea, Clover. 

6. Lombktom : an indehiscent legume, contracted between each 
seed, and at maturity separating at the contracted portions into 
distinct pieces. 

Examples. Desmodium, Hedysarum. 


^ Class II. Agobegate Pbdits. 

Ovaries strictly simple; more than a single series produced by each 


7. Etaebio; ovaries (achenia) distinct and indehiscent; either 
dry upon a dry receptacle, as Ranunculus: dry upon a fleshy re¬ 
ceptacle, as Strawberry; or fleshy upon a dry receptacle, as Rubus. 

Examples. Ranunculus, Pragaria, Rubus. 

8. Synca^fidm ; ovaries cohering into a soUd mass upon a slen¬ 
der receptacle. 

Examples. Magnolia, Asimina. 
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{Aguilegia), the Gold-thread {Coptis trifolia), the 
Paony, &c. 

A Legume or pod {fig. 98.) differs from a follicle 
only in opening along both sutures: the pods of the 
Pea and Bean are familiar exam))les. This kind of 
fruit is universal in plants of the Pea tribe, which are 
accordingly termed Leguminosa, or Leguminous plants. 
The legume exhibits several modifications. Although 
it has two well-formed sutures, sometimes it does 
not open by either, but the sides falling off from 

9. CvNAKRHODUM: ovaries (achenia) inclosed within the fleshy 
tube of a calyx. 

Examples, Rosa, Calycanthus. 

Class HI. Compoh.sd Fhoits. 

Ovaries formed of two or more united carpels. 

Sect. I. Fruit superior. 

A. Pericarp dry. 

10. C artopsis : a one-celled, one-seeded, dry and indehiscent, supe¬ 
rior fruit; the endoearp cohering inseparably with the intejs'umcnts of 
the seed, so that the two are undistinguishuble.—The ovary if com¬ 
pound in such fruits is only known to be so by the presence of two 
or more stigmas. 

Examples. Wheat and all Grasses. 

11. Regma : a fei^.eded, superior, dry, three-(or more) celled 
fruit, the cells (cocci) bursting from the axis elastically, and separa¬ 
ting into two valves. 

Examples. Euphorbia, the Castor-oil plant, &c. 

13. Cabcerulcs ; a many-celled, superior fruit; the cells dry, 
indehiscent, and few-seeded, cohering by a common style around a 
common axis. 

Examples. Malva, Tropeeolum. 

13. Samaba: a two or more celled, dry, superior fruit: the cells 
indehiscent, and dilated into wing-like expansions. 

Examples. The Ash, the Maple, and the Elm. 

14. PxxiDiCM: a one celled, many seeded, superior fruit; with a 
dry, often thin, pericarp, dehiscent by a transverse incision. 

Examples. Anagalis, Fortulacca, Plantogo. 

15. Concept ACULCM : an elongated, two-celled, many-seeded, su¬ 
perior ftuit, separating into two portions; the seeds not adhering to 
marginal placcnt®, as in the follicle which it closely approaches, but 
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the sutures, leave a kind of frame, termed the replum. 
In other cases the legume is not dehiscent at all. 

Fio' 99 indehiscent Jegume is sometimes divided 

'into several cells by false horizontal partitions 
arising from^lhe pericarp, as in some Cassias ; or 
by contractions of the legume itself, as in Des- 
modiiim {fig. 99.); the latter fruit when ripe, falls 
into pieces at each of these joints; it is called a 
lomcnt, ^ 

A legume is sometimes both indehiscent and 
one-seeded, as in the Clover, and then it re¬ 
sembles an achenium. . 

An AcAeniMJTi or grain {fig. 100 and fig, 101.) 
is a ripened one-seeded carpel, with a dry and 
indehiscent pericarp, having no appearance of a 


separate from their placentp:, and lying loose in tKfe cavity of each 
cell. (?) 

Examples. Asclcpias, Echites. 

16. SiLifttiA : an elongated, two-celled, many-seeded, superior 
fruit; dehiscent by one or two valves, separating from the replum; the 
seeds being attached to two plncentic adhering to the repluin, and 
opposite to the lobes of tHe stigma.—Sometimes the placentse do not 
meet in the centre, and then the ailique is imperfectly two-celled. 

Examples, Radish, Mustard, &c. 

17. SiLiCDLA ! a short, and usually few-seeded siliqua. 

Examples. Lepidium, Capsella. 

18. Ceratiom : a linear, ooe-celled, many-seeded, superior fruit; 
dehiscent by two valves, separating from the repluin; with the 
seeds attached to two spongy placentae adhering to the replura, and 
altemate w'ith the lobes of the stigma.—This fruit, which is sometimes 
called a siliqu-form capsule, dillers from a stigma with an imperfect 
partition in theJohes of the stigma being alternate with the placentae, 
.;..siHfd-jf«^osite. 

Examples. Sanguinaria, Chelidonium, Corydalis. 

19. Cafsdla: a one or many-celled, many-seeded, superior, and 
dry fruit; always proceeding from a compound pistil, and dehiscent 
by valves. 

Examples. Digitalis, Datura, Viola. 

30. Amphisarca ; a many-celled, many seeded, superior, indehis¬ 
cent fruit, indurated or woody externally, and pulpy internally. 

Example. Adansonia. 




236 


ORGANS OF IfEPRODUCTlON. 


suture. The 
Fig. 100. Fig. 101, 



fills {jig. 100,). 


matured ovaries of the Ranunculus 
{fig. 100.), of the Rose and of Cle¬ 
matis or Virgin’s-bower {fig. 101.) 
are achenia. In the latter instance 
the style, furnislted with a plume of 
hairs, remains upon the ripe fruit. 

By the elder botanists, these and 
similar fruits arc called naked seeds. 

‘ They resemble seeds in si 2 c and ap¬ 
pearance : but, saving a few remark¬ 
able exceptions hereafter to be noticed, 
all seeds are enclosed within seed-ves¬ 
sels. On cutting open an achenium we 
observe the real seed lying loose in 
the cell, which it partly or entirely 


B. Pericttrf fleshy. 

21. Trtma : a superior fruit, by abortion one-cellccl and one-sced- 
ed; with a two-valved indehiscent endocurp, and a coriaceous or 
fleshy sarcocarp. 

Examples. Juglans, Carya. 

22. NuctTLANittM: a two or more celled, few or many-seeded, 
superior, indehiscent fruit, fleshy and of the same texture throughout. 
—Diflers from the berry only in being superior. 

Examples. Grape, Solanum. 

23. Hesferidioh a roany-cellcd, few-seeded, superior, indehis¬ 
cent fruit, covered by a spongy separable rind ; the cells easily sepa¬ 
rable from each other, containing a mass of pulp in vrbich the seeds 
are imbedded. 

Examples. Orange, Lemon. 

Seel. II. Fruit inferior. 

A. Pericarp dry. 

24. Glans : a one-celled, one or few-seeded, bard and dry, indehis¬ 
cent fruit, seated in a cupiile; proceeding from an ovary of several 
cells and several seeds, all of which are abortive but one or two. 

Examples. Guercus, Castanea, Fagus. 

25. Ctpsela : an achenium invested with the membranous tube 
of the calyx. 

Examples. All OomposiUe. 
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A seed furnished with a style is a manifest absurdity; 
yet all these pseudospermic or seed-like fruits show on 
some part of their surface^ either the hardened base of 
the style (so conspicuous in the fruits of many Cypera- 
ceaa, as in fig. 62, g..), or a scar, indicating the place 
from which it has fallen. Not unfrequently the whole 
style is persistent on the fruit, as in Clematis just 
referred to {fig. 101.). 

26. Cremocabpiom : a 2-5-celled, inferior frdit; the cells dry 
and indehiscent; when ripe separting from a common axis. 

Examples, Umbclliferas, Aralia, Galium. 

27. Diplotegia : a capsule invested with a membranous calyx- 
tube. 

Examples, Campanula, Lobelia. 

B, Pericarp Jicshy, 

28. PoMOM : a fruit formed of several cartilaginoSs or bony, fe»'- 
seeded ovaries, sometimes sfiglitly united with each other, invested 
by a thick and fleshy calyx. 

Examples, Apple, Cratasgus, Amclanchier. 

29. Pepo ; a onc-cclled, many-seeded, inferior and indehiscent, 
fleshy fruit; with the seeds attached to parietal pulpy placentae. 

Examples, Cucumber, Melon, Gourd. 

.80. Bacca : a many-celled, many-seeded, inferior, indehiscent, and 
pulpy fruit; the attachment of the seeds lost at maturity, when they 
become scattered in the substance of the pulp. 

Examples, Currant, Gooseberry. 

31. Balaosta ; a many-celled, many-seeoed, inferior, indchis- 
cent fruit; the seeds with a pulpy coat, distinctly attached to their 
placentie. 

Example, Pomegranate. 

JUlaSS IV. ColLBCTIVE FrCITS. 

Emits of toVucA the principal characters are derived from the thickened 
floral envelopes. 

32. Diclesioh ; an indehiscent, one-seeded pericarp enclosed 
within an indurated perianth. 

Examples. Mirabilis, Salsola. 

33. SpHALERocARPTtM: an indehiscent, one.seeded pericarp, 
enclosed within a fleshy perianth. 

Examples. Taxus. Blitum. 
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The fruits of the Sunflower and all Cotnpositae are 
achenia,* invested with a membranous calyx-tube, which. 
is inseparably united with th« surface of the seed-ves¬ 
sel (110, andjfg'. 71, c,/). 

The fruit of Umbelliferous plarrts (fg. 90 ), some¬ 
times called a cremocarn, consists of two such achenia 
placed side by side. Two or four ordinary achenia, 
with their styles united, compose the fruit of Boragi- 
neous plants (such as Borage and Cynoglossum or 
Hound’s-tongue), as well as of all Labiatae. 

A Caryopsis is an achenium with a thin and mem¬ 
branous pericarp, which adheres to the covering of the 
seed so closely, that the two are inseparable and undis- 
tinguishable. Such are the grains of Wheat and Indian 
Corn. 

An Utricle is an achenium with a very thin and mem¬ 
branous pericarp, which does not adhere to the seed, as 
in Chenopodium or Goose-foot. 

A Drupe or stone-fruit is a simple one-seeded and 
indehiscent fruit, with a thickened pericarp, which is 
separable into a hard and dry endocarp, and a pulpy or 


* There can be little doubt that the apparently simple fruit of 
Composite consists of two confluent ovaries with parietal placentse, 
only one of which bears a seed. It is not therefore strictly correct 
to call it an achenium. This structure, which is externally indi¬ 
cated by the divided style, was pointed out by Robert Brown, in an 
Essay on CompositEC, published in the twelfth volume of theTVorw- 
actions of the Limnusan Society, 1818. 


34. Stnconus : a fleshy rachis, havins the form of a flattened 
disk or of a hollow receptacle, with distioct flowers and dry 
pericarps. 

Example. The Fig. 

35. SraOBiLus: an ament, the carpels of which are-eesleJiLsr and 
spread open, bearing naked seeds; sometimes the scales are thin and 
separate, but they are often woody, and coherent into a single tuber- 
culated mass. 

Examplei, Pious, Cupressus, Juniperus. 

36. SoROSis: a spike or raceme converted into a flesh, fruit by the 
cohesion of the ovaries and floral envelopes into a single mass. 

Examples. Mulberry, and the Bread-fhiit. 





juicy garcocarp. The peach and cherry are familiar 
. examples. 

A Nut is an acheniumain every thing, except that it 
results from the ripening of a compound ovary in which 
all the cells and seeds save one have disappeared during 
its growth (Ex. the chestnut, the acorn, Jig. 61, d, &c.). 

Fig. 102. A Samara (Jig. 102.) is an ache- 

V nium or a nut, with a large wing at 
its .summit or margin; as in the fniit 
of the Elm, the Ash, and the Maple. 
The fruit of the Maple consists of 
two samaras standing side by side 
and partially joined together. 

164 Agorvoate FRTJ1T.S coiisist of several simple 


fruii.s clustered together u])on the same receptacle, hut 
Fi'^. 103 . ncH truly united or syncarpous. The 
coup of the Magnolia (Jig. 103.', is 
an aggregate fruit, being com))Osed ol 
a great number of few-seeded carpels, 
compactly arranged upon an clou 
gated receptacle, and opening by theii 
dorsal suture. 

The head of carpels in Ranunculus 
also forms an aggregate fruit; and 
those of the Raspberry and the Black¬ 
berry arc of the same nature, except 
that the achenia become juicy in 
ripening: they might even be con¬ 
sidered minute drupes. In the Straw¬ 
berry, the large receptacle retaining 
all the nourishment of the fruit, becomes soft and juicy, 
while the minute achenia scattered over its surface con¬ 
tinue hard and juiceless. The fruit of the Rose, as wc 
have already had occasion to remark (142), consists of 
numerous bony achenia, attached to the walls of an 
urn-shaped cup, which is a hollow receptacle, invested 
with the fleshy calyx-tube (Jg. 81, a, c.) 
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A Pome (Jig. 104), such as 
the apple and pear, consists of 
several • cartilaginous carpels, 
imbedded in a pulpy expansion 
of the receptaftle (similar to that 
of the Strawberry, except in 
wholly surrounding the carpels); 
the whole being enclosed within 
a fleshy calyx, which makes a 
large portion of the bulk of the 


(i-iiit. The junction of the calyx with the fruit proper 
is marked by a faint line; and the two portions may 
also frequently be distinguished by their taste, that 
which pertains to the receptacle having the finest 


ilavor.* 


165. Compound fruits arc thosa which result from 


tlic ripening oV united orsyncarpous ovaries. In strict 
accuracy we should have referred to this division the 
fruit of Boragineous and Umbelliferous plants, (See.; 
for these are truly compound fruits, formed by the 
union of two or more achenia. It seemed, however. 


more convenient to notice them in connection with the 


achenium. 


The Capsnic (Jig- 91, 93, 94, &c.) is a general term 
for all compound fruits that arc juiceless and some¬ 
what membranous, opening by sutures. The name is 
also applied, with some qualifying term, to other forms 
not exactly agreeing with our definition. Thus, a dry 
compound fruit not opening ly sutures, is called 
an indehisceni capsule; or, if it be somewhat pulpy 
or juicy as well as indehiscent, it is termed a herry- 
Uke capsule. A pyxidium (jig. 98) is a capsule 
opening transversely. A pod-shaped capsuie, like that 
of Sanguinaria and Corydalis being composed of 
two carpels only, splits when ripe into two pieces, 
like a legume, from which it is at once distinguished 


* The carpels of a pome are comtnonly considered as drupes, of 
which the cartilaginous portions are the endocarp only; the inner 
pulp being the confluent sarcocarp of the whole; but the view here 
given is more simple, and, on the whole, best sustained by all 
analogy. 
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by bearing seeds along both sutures. A Silique {fig- 
105), the peculiar fruit of Cruciferous plants, is a pod¬ 
shaped capsule, rendered two-celled by a false parti¬ 
tion which proceeds from the placente, consisting of 
the epicarp of eadi edge of the valves, meeting in the 
centre of the fruit. The silique has a septifragal de¬ 
hiscence, the valves separating from the partition. 



A silique proper, is always long and narrow. A 
short and broad silique, is called a Silicle {fig- 10(5), 
as in Shepherd’s-purse {Capsella Bursa-pastoris). 

A Berry (bacca) is a fleshy compound fruit, when 
ripe becoming a mass of pulp in which the seeds are 
imbedded: the grape and the gooseberry are familiar 
examples. 

An Orange (hesperidium) is a many-celled fruit, the 
cells of which are filled with pulp, and the shell se- 
parable’into a distinct endocarp and sarcocarp. 

A Pepo* is an inferior fleshy fruit with a firm rind, 
and pulpy partitions and placentae j such as the gourd, 
cucumber, and melon. 


+ “ A Pepo is a fleshy inferior fruit, either indeliisccnt or bursting; 
irro°ruIarIy, and consisting of about three carpels, each of which is 
divided into two cells by its placentiferpus margin being so intro* 
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16G. Collective fruits arise from the union or ap¬ 
proximation of the pistils, and sometimes of the floral 
coverings also, of several flowers. The Strobile or 
cone of the Fir tribe is an instance of this kind (Jig". 
107), each scale representing a single flower. These 
scales are not bracts, as was formerly thought, but 
open carpels, bearing one or more seeds attached to 
their inner surface (1G9). Fig-. 108, a, represents a 
Fig. ro7. Fig. in?. 

b 



a 

ripened strobile of Cupressus (Cypress), and 5, a 
magnified scale or open carpel from a young strobile 
of the sam e, showing the naked ovules.* 

flexed as to reach the dorsal suture. The sides of tlie carpels, and 
even sometimes the introflexed portion, usually become extremely 
thick and fleshy, forming the great mass of the ripe fruit, so that by 
losing the general character of dissepiments, they might almost be 
said to disappear; and thus at first Mstat a pepo would be said to be, 
and has been so described, a oite-eefled indehiscent fruit, with pa¬ 
rietal placentas that send out smaaetiines false dissepiments towards 
the axis, as the cucumber and gourd.—Arnott, Prodr. FI. Ind. Ori- 
sntalu, I.,p. 340. 


This figure Setaken from Nces ab Esenbeck’s Icon. gtn. plant. 
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A Sorosis, like the Mulberry and Pine-Apple, is 
formed by the adhesion of many fruits of separate 
flowers, by means of their thickened and fleshy floral 
envelopes. 


Sect. IX. Of the Seed. 

167. The fruit consists of two parts,—the seed-ves¬ 
sel and the seed. The preceding section having been 
devoted to the consideration of the former, our atten¬ 
tion is now to be directed to the tatter organ. 

A seed differs from a full-grown ovule,^in containing 
an embryo, or organized body, capable of growing 
under favorable circumstances into a plant of the same 
kind as that which produced the seed. To a person 
familiarized with tire structure of the ovule (144, 145). 
that of the seed presents little difficulty.* 

168. The arrangement of seeds in the pericarp is 
the same as that of ovules in the ovary; the terms 
used to express their situation, therefore, need not be 
repeated. They are attached to the placenta, by 
some point of their surface, either directly, or by the 
intervention of a funiculus or seed-stalk. 

Seeds being always borne by the placenta, must of 
necessity be enclosed within a pericarp. Naked seeds, 
therefore, are anomalies which are only met with in 
the case of open ovaries. We had occasion to observe 
in another place (163), that the so-called naked seeds 
of Linna;us and all the earlier botanists, are one-seeded 
fruits. When this fact came to be established, it was 
too hastily inferred that true naked seeds have no ex¬ 
istence in nature; a few instances excepted, in which 
they become so by the early rupturing of the seed- 
vessel, ’in consequence of their rapid enlargement. 
The Blue-berried Cohosh* (a common plant throughout 
the United States, flowering early in spring and ripening 
its seeds about midsummer,) presents a fine illustration 


♦ Leontice thalictroides, Linn. Caulophyllum, Michaux, Tlie 
true nature of this drupe-like seed was pointed out by Robert 
Brown : see Transactions of the Linneean Society, XII., p. 145. 
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of this kind. What are usually mistaken for berries, 
or rather drupes, in this plant, are seeds elevated on 
thick seed-stalks; at the bas« of which, shortly after 
flowering, the remains of the ruptured pericarp may 
be observed. < 

169. There are, however, two families of plants, 
which exhibit truly naked seeds; in which neither the 
seeds nor the ovules are enclosed in a seed-vessel at any 
period of their «|icistence, but are borne on the margins 
or base of flat and scalc-like carpels. These families 
are the Conifera: or Fir tribe, and the Cycadeac, 
trees of tropical regions with the habit of Palms, 
agreeing with the Coniferso in the structure of their 
woody tissue,* as well as in their flowers and fruit. 

The cones, or strobiles of the Pine (jig-. 107), and 
Cypress (Jig'. 108) are, therefore, heads of carpels. 
Each of these’carpels is a single achlamydeous pistil¬ 
late flower; the ovary not forming a closed sac, as 
in other plants, but remaining an open, leaf-like scale, 
bearing one or more seeds on some part of its upper 
surface. The carpels are also destitute of styles or 
stigmas, which would be useless organs in these 
simplest of all flowers; in which the pollen, being 
abundantly produced by the staminate flowers, falls 
directly upon the ovules, and impregnates them by 
immediate contact with their foramina. These curi¬ 
ous facts were announced by Robert Brownf in 1825; 
and so surprising did they appear that some of the 
ablest living botanists hesitated to receive them, 
even on such authority. At the present day, I 
believe, the correctness of this view is unquestioned. 

170. The seed-stalk, we have already remarked, is 
an appendage of the placenta, rather thaif of the seed, 
since when the seeds fall out of the pericarp, they 
leave the seed-stalk behind. The apex of the 
seed-stalk, however, sometimes expands about the 
base of the seed, in the form of a little cup; in 


* Sec note, on page 9. 

■) Appendix to Copt. King's Voyage, p. 22, et seq. 
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several instances wholly^ enclosing the seed, like an 
additional tegument. This body is called an arillus 
or aril. It is scarcely sjbservable in the ovules, but 
attains its full size some time after their impregnation. 

The aril in the ^enus Polygala- usually appears as 
a hairy appendage* of the base of the seed {fig. 109, 
a.), of varied shape in different species. In Turners 
cistoides (a rather pretty herb of the southern states, 
greatly resembling a Cistus), the seg^hstalk expands 
into a scale, placed on one side of the seed (fig. 
109, 5.). The aril of Euonymus (of which several 
species are natives of the United States,Jkriown under 
the names of Spindle-tree or Burning-bush) is a spongy 
membrane, which wholly envelopes the ripe seed. 
The tough, fleshy and lacerated body which invests 
the soed of the Nutmeg, and is known in commerce 
under the name of Mace, is an aril. Of its office we 
are wholly ignorant. 

In regard to the seed itself, to which we now return, 
we may consider firstly, its external appearance ; and 
secondly, its internal structure. 

171. The marking of the surface of seeds is greatly 
diversified in different species, often rendering the 
minuter kinds quite beautiful objects, when seen by the 
aid of a microscope. Frequently, indeed, their surface 
is nearly smooth and even, but it is often marked with 
rows of fine dots or points (fig. 109, c.), as in the Pink 
tribe. The seeds of the Hypericum family are com¬ 
monly marked with longitudinal bands or bars, ( fig. 
109, e.); and in the Prickly-poppy (Argemone Mex- 
icana), these longitudinal bands are connected by 
transverse lines, so as to form a kind of lattice-work on 
the surface df the seed (fig. 109, d.). 

The scar left by the separation of the seed from its 
funiculus, is termed the hilum, (fig. 109, f. g. h. 1.). It 
is conspicuous in the Pea tribe, often having a different 
color from the remainder of the surface of the seed. 

Close by the side of the hilum in some seeds (fig. 
109,/. ^ h. 2.), and at the opposite extremity in others 

♦ This is not a caruncle ar stropkiolef CiS it has sometimes been 
celled. A caruncle is a fungosity of the micropyle, as in Ricinus* 




936 


ORGANS OF R*>RODUCTION. 


ijig. 109, g. 2.), a small hole, or at least a point, may 
be observed. This is the vestige of the foramen of 
the ovule (144), which is rot wholly obliterated ip 
most ripe seeds: it is now termed the micropyle, and 
indicates the apex of the seed, just as the foramen 
does that of the ovule. The dotted lines or bands 
marking the surface of the seed always converge to 
this point, so that by following them with the eye, the 
micropyle mayJje discovered, when by its minuteness 
it otherwise would escape detection. These lines all 

Fig. 109. 


f g h i k 
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diverge from another point on the surface of the seed, 
which in Jig. 109, a, b, d, e, g, h, i, is at. the opposite 
extremity from the micropyle or apex. This spot is 
noticed in the ovule (.Jig- 82, 83, 84, c.) as the point 
where all its parts cohere with each other. It is called 
the chalaza; and in the seed as in the ovule, it indicates 
the true base of the organ. 

Whenever the chalaza is visible apart from the hilum, 
as in Jig. 109, d, h, t, ^c., (not confluent with it, as in 
c, /, g, of the same figure,) a prominent line or ridge 
runs along the inner face of the seed, connecting the 
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chalaza with the hilum. ^This is the raphe, a slender 
prolongation of the seed-stalk, which is as conspicuous 
in the ripe seed as in the orule. It is found in all seeds 
which hare a chalaza distinct from the hilum, being 
quite conspicuous <n the Sanguinaria or Blood-root 
(fig. 109, i.)] in which it is white, and in the recent seed 
most strikingly resembling a little worm lying along 
the face of the seed. 

It should here be remarked, that the ^erms employed 
to denote the three kinds of ovules, are likewise 
applicable to the seed; all seeds as well as ovules 
occurring under one of three forms, via»: the ortho- 
tropous or straight, the campulitropous or curved, and 
the anatropous or inverted. 

It rarely happens that a mere inspection of the sur¬ 
face will not sufRcerfor determining to which of these 
forms any seed belongs ; and thus the fno.st essential 
points of structure may be ascertained with the great¬ 
est ease' without the trouble of dissection, which 
requires considerable skill. Thus, in fig, 109, g. repre¬ 
senting the seed of a plant of the Cistus or Rock-rose 
tribe, the. lines which variegate the surface converge to 
a point at the end most remote from the hilum. At 
this point a dot or minute hole is observable; and, no 
raphe being present, we infer this to be the micro- 
pyle, and that the chalaza or base of the seed coincides 
with the hilum. The seed is therefore orthotropous; 
and this fact being satisfactorily settled, we also confi-. 
dently infer that the embryo or rudimentary plant con. 
tained within (174) is straight, and also, that its radicle 
(174) points to the (apparent as well as real) apex of 
the seed. 

The dotted lines which mark the surface of seeds 
of the Pink tribe (fig. 109, c.), converge to two points 
in the immediate vicinity of each other; one of these 
(with which the hilum is confluent, no raphe being 
present,) is the chalaza; the other is the micropyle or 
apex. We have learned; therefore, that the seed is 
campulitropous or curved; and furthermore, that the 
embryo is curved with it, presenting its radicle to the 
micropyle as in the former example ; but, unlike that 
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case, the micropyle is here'contiguous to the chalaza 
and hilum. In jig. 109, d, e, h, i, and in by far the 
greatest number of seeds, n raphe and chalaza are 
present; and these marks positively characterize the 
seeds to be anatropous or inverted. What was 
said of the nature of anatropous ovules (145) suffi¬ 
ciently explains the apparent anomaly in the struc¬ 
ture of these seeds, viz: that the hilum and chalaza 
are remote from each other, the latter occupying the 
apparent apex of the seed. In such instances we 
may expect to find a straight embryo, and the radicle, 
although po'nting to the micropyle as in other cases, 
is here approximated to the hilum. 

The surface in many seeds is bald, and in others 
is hairy, downy, woolly, bristly, &c.; but we cannot 
here attempt to notice all these diversities. The seed of 
Cotton is densely covered with long wool. A similar, 
but more silky wool covers one'extremity only of the 
seeds of Epilobium or Willow-herb, and of Asclepias. 
It has been proposed to employ the silk of Asclepias 
as a substitute for cotton; but the fibres of the former 
want the property of adhering to each other, and there¬ 
fore cannot be woven. 

These tufts of hair or wool are called a coma. The 
coma has been confounded with the pappus (113), like 
that of the Thistle; but the latter belongs to the calyx. 
The hairs of both have the property of spreading by 
dryness and converging by moisture; as a consequence 
of which both subserve to the same end, viz: the lift¬ 
ing out of the seeds or fruits from the seed-vessel or 
receptacle, in dry weather, and their dispersion by the 
wind. The outer skin of some seeds extends on each 
side and forms a wing. The Bignonia and Catalpa 
furnish good illustrations of winged seeds. Narthe- 
cium has the outer membrane of the seed prolonged at 
each end into a thread-like appendage {jig. 109, k.), 
of the same nature as a wing. 

172. A seed consists of the nucleus or kerne], and 
its integuments. The latter are collectively termed 
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llie cpisperm* or skin of fhe seed. It is usually com- 
j)oseil of the two membranes (the priminc and secun- 
lUne) of the ovule. In some cases both membranes 
nfay be distinctly traced in the seed ; in others, one of 
the coats disappear^, probably by intimate adhesion to 
the face of the other. When both are present, the 
outermost is called the testa and the inner the 
tegmen. 

The kernel consists of the embryo (k74), and of the 
albumen (173) when the latter is present. 

173. The Albumen^ {Jig. 110, 112) is the body 
which, in many seeds, is interposed hietween the 
embryo and the integuments. It ari.scs from the depo¬ 
sition of a granular matter around the embryo, in the 
pulpy substance of the nucleus. Sometimes it is 
inconspicuous and small in (|nantity ; in other cases it 
is much larger than the embryo, making up the prin¬ 
cipal bulk of the seed;* as in the Cocoa-nut, Maize, and 
Wheat, (jig-. 112,). The nature of albumen is also 
worthy of notice. It is farinaceous or mealy in 
Buckwheat, and in all Grasses, especially the Ceralioc, 
whose seeds arc employed for food. Mealy albumen 
is always innocent and nutritious, even in the most 
poisonous tribes. It has the texture of horn in 
Coffee, and in Cohosh {Leontice) ; and is oily in the 
Poppy tribe. In the Papaw {Asimina) and Nutmeg, 
it is ruminated or wrinkled, being pierced with irregu¬ 
lar holes, caused by the presence of portions of the 
nucleus in which no glanular matter has been deposited. 

The albumen was so named from its analogy in 
situation (and perhaps in office) with the albumen or 
white of the egg, which surrounds the embryo bird, as 
the former does the embryo plant. It forms a maga¬ 
zine for 'the nourishment of the embryo during its 
earliest growth. It is not an essential organ, the seeds 
of the Pea tribe, of Cruciferous plants, and of several 
•other families, being wholly destitute of albumen; in 

* Or by De Candolle, the sfitrmoierm. 

t Peritptrm of Jussieu, and endosperm of Richard. 
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which cases, the starch or bther nourishing matter is 
deposited in the embryo itself. , 

In several instances the embryo is enclosed within 4 
little bag or sac,* which intervenes between it and the 
albumen when the latter is present; as in the seeds of 
the Water-lily. This sac is found in the Pepper tribe, 
the Ginger tribe (Scitamincce), and in several others. 
It is one of the proper coats of the nucleus, which has 
not been absoibed, or converted into albumen, during 
the growth of the seed. 

174. The Embryo, {jig. 110 and 111,) or rudiment of 
the new plav.t, is the most important organ of the seed ; 
for the perfection, protection, and future siip])ort of 
which, all the other parts of the seed are destined. Of 
its real origin we have no positive knowledge. It 
makes its first appearance as a nrinute point or speck 
in the midst‘6f the pulp of the nucleus, near the fora¬ 
men of the ovule. It gradually increases until it occu¬ 
pies nearly the whole nucleus, and assumes the appear¬ 
ance of an organized body. When there is no albumen, 
the embryo fills the coats of the seed, as in the Pea 
and all Leguminous plants {Jig. 110, a.): when the 


Fig. 110. 
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albumen is present, the embryo lies in its midst, or 
sometimes at one of its extremities. Fig. 110 repre¬ 
sents the embryo of several seeds as brought into view 
by a longitudinal section. 

The embryo becomes a plant by the mere develop¬ 
ment of its parts; and consequently it has in itself in 
an undeveloped state, all the essential organs of vegeta¬ 
tion, viz: a root, stem, and leaves. These several 


♦ This is called by Brown the vUtUut, and by Eindley the sac of tht 
embryo. 
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organs may usually be Atectcd in the embryo as it 
exists in the seed. In its most common form, the 
'^mbryo consists of a litUe stem with a single node, 
Nxnished with the rudiments of a pair of leaves (Jig. 111). 

Pi^. 111. "The little stem, or axis, has the 
power of growing from each ex¬ 
tremity : the part which elongates 
in a downward direction form¬ 
ing the root, is cabled the radicle ; 
and the opposite extremity, which 
by its upward elongation forms 
the stem, is termed^the 'plumule. 
The two appendages of the axis, 
standing upon the neck or collet 
(22), arc the cotyledons. They re¬ 
present the first or lowest pair of 
leaves. • 

175. Thus far our illustrations of the embryo are taken 
from that form of the organ, which being the most perfect 
Fj„ ^j 2 in its structure, and of the most frequent oc¬ 
currence, may be assumed as the regular 
form or type, viz: that furnished with two 
opposite cotyledons or seed-leaves, and ac¬ 
cordingly termed a dicotyledonous embryo. 
The embryo of the Grasses, (fig. 112), of the 
Palms, the Arum tribe (fig. 113), &c., is 
constructed upon the same plan, except 
that only a single cotyledon exists ; or if 
two are present, they are not opposite to, 
but alternate with each other. These arc 
examples of the monocotyledonous embryo. 
All the modifications of the organ are 
reducible to these two kinds. The number of the cotyle¬ 
dons, in itself considered, is a character of no very high 
rank; but it assumes special importance in consequence of 
its remarkably uniform coincidence with other pecu¬ 
liarities of structure. Thu8,itis found thatall Exogenous 
plants (33) have dicotyledonous embryos; and all 
Endogenous plants, monocotyledonous embryos. The 
embryo, therefore, affords additional characters for 
distinguishing the two leading divisions of Flower- 
21 
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ing plants; characters evin more constant than 
those which are drawn from the structure of the 
stem, leaves, aud flowers. Hhus, whenever we meey 
with a plant whose stem presents the Exogenom 
mode of growth, we sliall also fiitfl, if the examina¬ 
tion be prosecuted to this point, that its seeds contain 
a dicotyledonous embryo ; the Endogenous growth of 
the stem as uniformly corresponding with the monoco- 
tyledonous embtyo. So, therefore, from the examina¬ 
tion of the seed alone, the general structure of the 
future plant may be predicted with great certainty. 

Jussieu, th^ great founder of the natural system of 
botany, established the names of the two grand divisions 
of Flowering plants, upon the number of the cotyle¬ 
dons. These names are still in common use, although 
guarding against the unnecessary multiplication of 
terms, we havff thus far avoided their cmjiloyment. It 
may now be stated, however, that Dicotyledonous 
PLANTS and Exogenous plants, are different names 
applied to the same great division of Flowering plants; 
and that Monocotyledonous plants and Endogenous 
plaInts are also correlative. The number and disposi¬ 
tion of the cotyledons is not an ultimate fact, but 
rather a consequence of the general law governing the 
position of leaves in Flowering plants. It was stated 
in its proper place (61), that the habit of Exogenous 
plants is to have opposite leaves; consequently, the 
embryo (which is a stem with a single node,) is neces¬ 
sarily provided with a single pair of leaves, or in other 
words, with two opposite cotyledons. For the same 
reason. Endogenous plants, whose habit it is to bear 
alternate leaves, have embryos with a single cotyledon 
or seed-leaf. The apparent exceptions to this rule do 
not really invalidate it. Thus, the Pines and Firs, 
which have more than two cotyledons, may be sup¬ 
posed to have two or more nodes, confluent by 
the non-development of the corresponding internodes. 

In this view, the anomaly is owing to the same cause as 
rtat which gives rise to whorled leaves in other cases. 

In some dicotyledMMNis embryos, the two cotyledons 
cohere by their so as apparently to form a single 
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one, as is observed in th^ Horse-chestnut. When the 
seed germinates the union is broken up, and the anomaly 
, disappears. • 

'^^The Dodder has a slender spiral embryo, which is 
destitute of cotyledons ; a circumstance exciting little 
surprise, when taken in conjunction with the fact, that 
the full-grown plant is also leafless. 

The embryo of monocotyledonous plants does not 
u.suall)'' exhibit such a plain distinction into radicle, 
plumule, and cotyledons, as do the preceding examples. 
It is commonly a club-shaped body 113, c.), wholly 
entire, or with a little slit on one side ftear the base. 


Fig. 113. 
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The blunt extremity is the radicle; the upper part 
is a cotyledon rolled up, or folded lengthwise, with its 
edges soldered together, except a little portion just at 
the base, where a minute slit appears.* From this slit 
the plumule emerges when the seed germinates. 

In a few instances, the embryo of Endogenous plants 
exhibits a second cotyledon ; "the two being alternate 
with respect to each other. Not the number alone, 
but the relative situation of the cotyledons must also 
be taken into account. Thus Dicotyledonous plants 
may have more than two cotyledons, as in the Pines, 
but they are never alternate; and Monocotyledonous 

* See fig. 113, e. representing the embryo of Calla palustris: 1, tha 
radicle; 3, the cotyledon j 2, the slit from which the plumule emerges 
in germination. Fig. 113, d, is a section of the same. 
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plants may have more than Vne cotyi^cdon, but in such 
cases they are never opposite each other. 

176. As to its form, the embryo is either straight'' 

or curved. Orthotropous 110, c.) and anatco- 

pons seeds (fig. 110, e.) have straight embryos: in 
campulitropous seeds (fig. 110, a, 6, d.) the embryo is 
curved. Its usual position in regard to the albumen, 
when the latter is present, is in the centre or axis, with 
the radicle at .one extremity. Sometimes, however, 
instead of being enclosed in the albumen, the embryo 
is placed upon some point of its surface, as in Indian 
Corn, Wheat, and all Grasses, (fig. 112.). In the 
Amaranth tribe, it is curved like a ring around the out¬ 
side of the albumen* ( -fig. 110, h.). 

The situation of the embryo with regard to the chalaza 
and micropyle, is of great consequence in practical bo¬ 
tany; and the law which governs its position in these 
respects has been already anticipated, viz : that, what¬ 
ever maybe the form of the seed, the radicle always points 
to the micropyle or true apex, and the .summit of the 
cotyledons to the chalaza, or some point in its vicinity. 
Thus, the radicle in orthotropous seeds points from 
the hilum (fig- 110, c.), which is, in this instance, the 
true, as well as the apparent base of the seed; whereas 
in an anatropous seed, the radicle, retaining its 
position with regard to the micropyle, is approximated 
to the hilum (fig. 110, e); a consequence owing, as we 
have several times slated, to the inversion of the whole 
seed. A campulitropous or curved seed (fig. 110, 
a, b, d.), likewise has the radicle brought near the 
hilum, but from a diiferent cause, viz : the doubling of 
the seed upon itself, without any displacement of the 
base. 

177. The cotyledons are generally straight, and 
applied to each other face to face; but sometimes they 
are variously folded upon one another, or upon the 
radicle. This is particularly observable in the Crucifera;, 


the embryo is surrounded with albumen, it is said to bo 
iHien placed out of the axis of the latter, it is eccentric. 
W applied to the surface of the albumen, it is said to be 
and when rolled around it, peripheric. 
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in which the position of th^e several parts indicates the 
principal sections jf the trilfe. When the radiclp lies along 
one of the edgesVjf the cotyledons, as in fig. 114, a, 
the latter are said to be ticcumbent When the back 
of\)ne of the cotyledons is applied to the radicle, they 
are said to be incumbent {fig. 114, b.). Sometimes 
incumbent cotyledons are folded lengthwise upon each 
other, and round the radicle, as in fig, 114, c.; in 
several cases they are spirally incumbent (fig. 114, d); 
and lastly, incumbent cotyledons ,afe occasionally 
folded back upon themselves, as in fig. 114, e. The 
lower row of figures in the subjoined illustrations, 
represents the appeal ance presented in etfth case by a 
transverse section of the seed. 


Fig. 114. 



178. The seeds, if we may so call them, of Flowerless 
plants (Chap. V.) having no embryo, are of course desti¬ 
tute of cotyledons ; hence they were named by Jussieu 
Acotyledonous plants; an ambiguous term, which is now 
seldom employed. 

179. Two points remain to be considered respecting 
seeds, viz: their dispersion or separation from the pa¬ 
rent plant, and their germination or development into 
a similar plant. The means by which the dispersion of 
seeds is effected, presents a subject of interesting consid¬ 
eration ; upon which, however, the limits and design of 
the present work preclude us from entering. Their dis¬ 
semination is regulated rather by the structure of the 
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pericarp, than of the seed|itsclf. Fleshy or pulpy 
fruits, soon after ripening, separate frirn the stem by an 
articulation, as in the case of leave?; they fall to the' 
ground in the neighbourhood of the parent plant, ^d 
the germinating seeds derive their* early nourishment 
from the decaying flesh or pulp in which they are im¬ 
bedded. The pseudospermic, or seed-like fruits (naked 
seeds of old authors) are frequently furnished with 
some special means to aid in their dispersion. For 
this purpose, tlfe fruits of the Elm and Maple are provi¬ 
ded with a membranous wing (Jig- 192); and those of 
the Composite with a tuft of hairs or scales, in ])lace of 
the ordinary Timb of the calyx {Jig. 71 , c, /, ); being by 
means of this apparatus scattered by the winds often to 
a great distance from the parent plant. Fruits furnished 
with a pappus are always crowdej) in dense heads, and 
surrounded by an involucre; the bristles of the ))appus, 
being eminently hygroscopic, Spread in dry weather, 
mechanically lifting the little fruits from the receptacle, 
that they may be submitted to the free action of the wind, 
by which they are widely dispersed. The seeds of the 
Willow and I’oplar, &.c, are provided with a coma, or 
tuft of hairs, which in a similar manner aids in their extri¬ 
cation from the seed-vessel, and dispersion by the wind. 
A shower, or even a humid atmosphere, causes the 
tuft to collapse, and the seed falls to the ground, and is 
imbedded in the moist soil under the most favourable cir¬ 
cumstances for ensuring its future giowth. 

Capsular fruits usually open in dry weather, the most 
favourable period for the dispersion of the seeds; some 
capsules burst elastically with considerable force, pro¬ 
jecting the seeds to a moderate distance. The Balsam 
is a familiar instance of this kind. In Hura crepitans, 
a West Indian and South American Euphorbiaceous 
plant, the bony pericarp bursts with a loud crack when 
ripe, and with such force as to tear in pieces several 
folds of strong cartridge paper in which the fruits arc- 
wrapped. 

When seeds are protected from the joint action of 
those agents which facilitate germination, they may be 
preserved for any length of time, but under such circum- 
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stances they at lengtltf lose the power of germina¬ 
tion. This is o\'Kng to a* low alteration of their texture 
under tlie influence of Ijght, by which carbonic acid is 
dccomj)osed, and carbon fixed in their tissue, all the 
jlhrts of the seed becoming hardened; and in this 
condition vegetation cannot proceed. The period dur¬ 
ing which seeds preserve their vitality varies much in 
difl'erent species, and even in the same seeds under dif¬ 
ferent circumstances. The exposure of a few weeks is 
sufficient to destroy the life of many*seeds, especially 
those which have very thin and delicate integuments. On 
the other hand, nearly all seeds of the Pea tribe may be 
kept for several years without material detriment to 
their germinating power. Seeds of the Sensitive plant 
have been made to grow after an interval of 60 years, 
wheat after the laps,e of 100 years* ; and peas taken from 
the herbarium of Tournefort, where they had remained 
above 100 years, wefe made to germinate. 

Seeds buried deep in the soil, being removed from the 
influence of air and light, and subjected to the uniform 
temperature of the earth, often preserve their vitality for 
many years, and are ready to grow when brought near 
the surface. Thus, when a waste field is cultivated, 
plants often spring up which have not been known to 
grow in that situation since the memory of man ; and 
B])ecies for many years lost to florists, occasionally 
spring up on the site of old botanic gardens. 

Only a small portion of the seeds produced by a plant 
grow, even exclusive of those which are devoured by 
animals. The great fertility of many plants, however, 
amply compensates for this loss. A single seed of the 
Thistle, it is said, will produce 24,000 seeds at the first 
crop, and consequently 576,000,000 on the second 
season.- Some person had the patience to count 


* I place no faith in the statements 1 have somewhere seen, that 
grains of wheat taken from the hand of a mummy, where they must 
have remained at least 3000 ytears, germinated when placed under 
proper circumstances. In all the cases on record of the discovery 
of grain several hundred years old, the seeds have been found to be 
blackened, as if charred from the restoration of carbon by the gra¬ 
dual loss of oxygen and hydrogen. 
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the seeds produced by a single Poppy, and found them 
to exceed 30,000; and the fertiaty of many plants great¬ 
ly exceeds this. By cultivati(y:i indeefl, nearly all the 
seeds may be made to grow, but in a state of nature 
a large portion perish. Were it pot so, there avd 
thousands of species which would wholly cover the 
surface of the earth in a few years, wherever the 
climate permitted them to grow. 

180. Germination is the process by which the 
embryo containe*d in a seed begins to grow and de- 
velope the parts hitherto in a rudimentary state. The 
combined action of three external agents is indispen¬ 
sable to germlhation ; viz: water, air, and a proper 
temperature. Water, slowly absorbed through the 
micropyle, or penetrating the integuments, softens all 
the parts of the seed, and also dissolves the matters 
stored up in the cotyledons or alGumen for the nou¬ 
rishment of the growing embry®. The temperature 
most favourable to germination varies widely in 
different species; seeds being.known to germinate at 
almost every temperature between the freezing and the 
boiling point of water. Nearly all plants, however, in¬ 
digenous in temperate climates require a temperature of 

from 50° to 80° Fahr. for the germination of their seeds; 
the precise temperature in each case varying with the 
peculiar constitution of the species: a circumstance 
which explains the regular succession in the appearance 
of annual herbaceous plants, during spring and summer. 

The access of the atmosphere is necessary to every 
period of vegetable growth ; during the process of ger¬ 
mination it is essential for the production of certain 
chemical changes soon to be noticed ; viz. the formation 
of carbonic acid gas, by the union of the oxygen of the 
air with a portion of the carbon of the seed. 

Light, which operates so beneficially in all other stages 
of vegetable growth, exerts an unfavourable influence 
upon the process of germination. The reason of this 
is evident when we remember-that light promotes the 
decomposition of carbonic acid, and the fixation of the 
carbon in the tissue of plants (76), a hardening pro¬ 
cess, exactly the reverse of what takes place in germi- 
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nation. It is often etate^that seeds will not germinate 
. except in darknels, but this is untrue, as many examples 
prove. A strongiight, however, almost always checks 
th.f process of germination at any stage, by fixing so 
much carbon in thS young stem and root as to prevent 
further elongation. 

A remarkable chemical change takes place in the 
albumen of a germinating seed, viz : the conversion of 
the starch into sugar, and, simultaneous with this, the 
disengagement of a quantity of carbonic acid gas, and 
a slight elevation of temperature. It is these changes 
which are eflected in the malting of bajjey. If seeds 
be made to germinate in a confined portion of atmos¬ 
pheric air, it is found that the bulk of the air is not at all 
afl’ected by the process, but the quantity of oxygen 
gradually diminishe., and is replaced by an equal 
volume of carbonic acid. Inasmuch aS when oxygen 
gag combines with carbon it suifers no change in 
volume, chemists conclude that the conversion of a 
portion of the oxygen of the air into carbonic acid, and 
of the starch and other nutritive principles stored in the 
seed into sugar (and finally into gum ?), results solely 

from the combination of the oxygen of the air with a 
portion of the carbon of the starch, &c.; the other ele¬ 
ments remaining unaffected. 

While these changes are in progress, the seed softens, 
the embryo absorbs the nutritive matter prepared for 
its use, swells, and bursts its envelopes; the radicle is 
protruded, and taking a downward direction (84), fixes 
itself in the soil, from which it now derives its support; 
the plumule also elongates, and rising upwards in the 
air, forms the stem of the young plant, in due time 
developing leaves for the elaboration of the crude 
nourishment absorbed by the root. The process of 
germination is now finished, the plant hereafter depend¬ 
ing upon its roots and leaves for the accumulation and 
digestion of its proper nourishment. Soil is by no 
means essential for the germination of seeds, the requi¬ 
site nourishment being deposited in the seed itself at 
the time of its formation, and the embryo requiring 
only the joint influence of air, moisture, and a proper 
temperature, to enable it to grow, and appropriate this 
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nourishment. Yet a seed in^pring or summer, lightly 
covered with soil, which, while it excludes the light, ■ 
is freely penetrated by the aisr, moistened by showers, 
and warmed by the rays of the sun, is in the most 
favorable condition for germination! 

The mode in which the embryo disengages itself 
from the integuments of the seed varies in different 
species; commonly they are ruptured by the swell¬ 
ing of the embryo, but sometimes {Ex. Com'melina) 
both the radicle and plumule pass out through the 
micropyle. If the radicle is enclosed in a sheath 
(called a col^orhiza or root-sheath), as in most Endo¬ 
genous plants (thence named by Richard Endorhtzm), 
this is soon perforated by the radicle in its descent as 
iafiff. 116. In Exogens {Exorhiza of Richard,) the 
radicle is naked, or destitute of a rcot-sheath. In most 
Exogenous plants, the cotyledons are elevated into the 
air by the ascending stein, (as in Jig. 115,) and acquiring 
a green color, they perform all the functions of leaves 
until other leaves make their appearance, when they 
soon wither and perish. Their shape is usually different 

Fig. us. Fig. 116. from the primordial (61), 

and all the succeeding 
leaves. In the Oak, 
Horse-chestnut, the Pea, 
and several other Exo- 
.fgenous plants, the jilu- 
mule alone elongates 
into the air, the cotyle¬ 
dons remaining under 
-aground, and finally de- 
'fccaying. 

In Endogens, the sin- 
••“gle cotyledon docs not 
rise out of the ground, but remains within the integu¬ 
ments of the seed during germination; as is seen in 
Jig. 116, which represents the transverse section of 
a germinating seed of a species of Scirpus.* 

* Fig. 116. 0 , the albumen ; 5, the cotyledon ; c, the plumule; d, 
the radicle, which has burst though the coleorhiza. 
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Sometimes seeds beginito germinate while yet at¬ 
tached to the patent plant, or enclosed in the seed- 
vessel ; this not tmcomnobnly happens in seeds sur¬ 
rounded with pulp, as in the Cucumber, Melon, &c. 
In a' few plants the feeds not only germinate, but even 
take root in the soil before they separate from the 
parent plant. The most remarkable instance of this 
kind is seen in the Mangrove, a tree which forms 
dense thickets along the very bordersaof the sea in 
tropical regions. In this plant germination takes 
place while the seed is yet contained in the pericarp: 
the radicle pierces the seed-vessel, and elengates until 
it reaches the soft mud in which such trees grow, 
where it strikes root, and afterwards separates from 
the parent plant. Such plants are said to be vivi¬ 
parous* . 


* This term is often very improperly applied to those plants, in 
which the flower-huds revert more or less completely to leaf-buds ; 
whereas such plants, instead of really becoming viviparous, rarely per¬ 
fect their sce.'8. Of this kind are several alpine species of Poa and other 
Grasses, and the so-called viviparous varieties of the Onion. In 
several Cyperacous plants, all the scales (bracts) of a spikelet are not 
unfrequently transformed to leaves, and the flowers in their axils 
disappearing, the spikelet thus reverts to a branch, and presents a 
somewhat similar appearance to the species of Poa above-mentioned. 
No more direct proof than this can bo desired respecting the nature 
of a spikelet. Cyperus dentatus, Torr. often presents this appear¬ 
ance in n beautiful manner. This retrograde metamorphosis of the 
floral organs is frecjuently exhibited in the species of Juncus, where it 
is induced by the bites of insects, the flower bein" changed into a com¬ 
pact bunch of scale-like leaves. One species, J. dichotomus, EUiott. 
(J. viviparus of Conrad) is almost always found in this state. Al¬ 
though totally diflerent from the viviparous state, these instances 
are very instructive, both as showing the true nature of floral 
organs, and also as exhibiting the analogy of seeds with leaf-buds. 
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OF FLOWERLESS PLANTS. 

181. Hitherto our attention has been exclusively 
directed to the consideration of Flowering plants; in 
the present chapter we shall briefly notice the second 
grand division of the Vegetable kingdom, viz : that 
of Cryptogamous or Flowerless plants. Flower¬ 
ing plants justly claim the greatest share of our 
attention, not only on account of the greater com¬ 
plexity of their structure and the variety of their 
organs, but also because they contribute more directly 
to the supply of our wants, and the gratification of our 
senses. The organization of Flowerless plants is far 
more simple than that of those to which our investiga¬ 
tions have, thus far, been confined. The almost infinite 
variety of their external forms, however, compensates 
for the greater simplicity of their internal structure. 

No person, whose mind is in an ordinary degree 
susceptible of intellectual pleasure, can attain even to 
a superficial acquaintance with the structure and 
economy of Flowerless plants, without appreciating 
the enthusiasm their study so generally inspires in 
those botanists whose attention is especially directed 
to these investigations ;—ah enthusiasm which is usu¬ 
ally in an inverse ratio with the apparent significance 
of the object. 

In an early part of this work (p. 16.), we gave 
the leading characteristics of the two great classes, 
into which the vegetable kingdom is so naturally 
divided. With Linnseus we may apply to these grand 
divisions the names of Phasnogamous and Cryptoga- 
mous plants; signifying that the former are manifestly 
forniahed with fertilizing and seed-bearing organs; 
and that in the latter these organs are concealed from 
view. These names are still in common use, and 
would be quite appropriate were it not that the term 
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Cryptogamia assumes tly fact that these plants are 
truly furnished %ith stamens and pistils, and conse¬ 
quently bear seen. Toe avoid this assumption, some 
authors have substituted for the name Cryptogamous, 
that of Agamous {Hants. 

Jussieu, who supposed with Linnaeus that all plants 
are reproduced by seeds, was the first to observe that 
those of all Flowering plants are furnished with co¬ 
tyledons or seed-leaves, which are uryformly wanting 
in Flowerless plants : hence, he called the former Co- 
tyledonous, and the latter Acotyledonous plants. Rich¬ 
ard* went a step further, and observing^that what are 
called the seeds of Ferns, Mosses, &c., have no embryo 
and no single growing point, but vegetate indiscrimi¬ 
nately from any part of their surface, he proposed to 
substitute the names Emhryonatts, or plants whose 
seeds have an embryo, and Exemhryonatcc, or plants 
whose seeds are destitute of embryo, for the Lin- 
naean terms Phaenogamous (or Phanerogamous) and 
Cryptogamous plants. But the so-called seeds in the 
latter class being destitute of embryo, are not seeds in 
the proper acceptation of the term, and in their struc¬ 
ture and origin offer few points of resemblance with 
the seeds of Flowering plants. To avoid, therefore, 
the ambiguity of including two different bodies under 
the same name, botanists apply the term spores or 
sporules to the substances produced by Cryptogamous 
plants in the place of seeds. 

We have seen that the office of the flower is to pro¬ 
duce and to perfect seeds, and hence may infer that 
Cryptogamous plants are incapable of bearing flowers, 
which their economy does not require; and in examin¬ 
ing the reproductive organs of such plants, we do not 
observe', in any of their diversified forms, either stamens 
and pistils, or calyx and corolla, or any organs which, 
in accordance with the laws regulating the structure of 
a flower, can be considered as modifications of them. 
A lively fancy, indeed,' acting under the erroneous 


* Analyse du Fruit, par Loaia-Claude Richard. See also land- 
ley’s trandation, London, 1819. 
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impression which the simple and elegant theory of 
Linnffius has so long perpetuated, vi^: that all plants 
are furnished with stamens #ind pvtils, has in some 
cases discovered organs to which wese names might 
be applied with some show of jdausibility; but in 
most instances these analogies are far-fetched and 
highly unsatisfactory. We distinguish these two 
classes, therefore, by the names of Flowering and 
Flowerless plants in preference to all others, because 
these terms are "simple expressions of our actual know¬ 
ledge, apart from all theoretical considerations, and are 
founded upon the presence or absence of conspicuous 
and well-knoiVn organs. 

The difference between Flowering and Flowerless 
plants is not solely confined to their reproductive 
organs. The organs of vegetation in the former are 
clearly distinguishable into root, stem, and leaves; in 
the latter these organs are sometimes partially, and 
often wholly confounded. The stems of Flowering 
plants are capable of increasing in diameter, by means 
of fibrous and vascular tissue, in one of two modes, 
distinguished by the names of Exogenous or Endoge¬ 
nous growth (33). On the other hand. Flowerless 
plants, even those having distinct stems, are destitute 
of any special provision for increase in diameter. We 
are aware that cellular, vascular, and woody tissue all 
essentially enter into the composition of Flowering 
plants; and it is stated that the two latter are wanting 
in Flowerless plants. Hence the former das' 
also bears the name of Vascular, and the latter c. 
Cellular plants. It must be remembered, however, 
that these two distinctions do not entirely harmonize 
in the plants they embrace, and that only a portion of- 
Flowerless plants are formed of cellular tissue solely. 
As in the animal kingdom, so also in the vegetable, 
Nature passes from the more complex to the simplest 
organization, not by an abrupt transition, but by a 
beautiful series of gradations. Thus, spiral vessels, 
the most perfect kind of Vascular tissue, are absent in 
all Flowerless plants, with the exception of Ferns, 
Lycopodiaceae, &c., in which they exist very sparingly. 
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Ducts abound the stefcs of Ferns, the Equisetaceae 
or Scouring-rus?’ tribe, Jthe Lycopodiaceae, &c.; but 
are wholly wanmg in Mosses, Lichens, Fungi, &c. 
The Mosses als^ and all the forms of Flowerless 
vegetation below them, exhibit no trace of woody 
fibre, but the whole fabric is truly and exclusively 
cellular. 

Flowerless plants may accordingly be divided into 
two sub-classes, of nearly equal valae with the Exo- 
genas and Endogenae of the first class ; viz :— 

1st. The Fibro-Vascular Flowerless plants; which 
form the connecting link between Flowering and 
Flowerless plants, approaching the former by the 
presence of Vascular tissue and woody fibre, and in 
having distinct stem-like trunks, yet agreeing with the 
latter in being desfitute of flowers, and in the produc¬ 
tion of sporules instead of seeds. 

2nd. Cellular Flowerless plants; which are wholly 
composed of cellular tissue, and (with the exception of 
Mosses) exhibit no distinction of stem and foliage. 

To the first division belong the Equisetaceae, the 
Ferns, the Marsiliaceae, and the Lycopodiaceae: to the 
second, the Mosses, the Hepaticae, the Characeae, the 
Algae, the Lichens, and the Fungi. 

Each of these tribes is constituted, in regard to its 
reproductive organs especially, upon a plan so pecu¬ 
liar to itself, that an acquaintance with any one of 
them afibrds but little assistance in the study of the 
remaining families. General views, therefore, being 
here of little service, we proceed to give a very brief 
account of each tribe, confining ourselves almost 
wholly to a description of the more prominent organs. 
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182. We commence with this remarkable family, 
composed of the single genus Eauisetum, which has 
little resemblatuce to any other tribe of plants what¬ 
ever. Linnaeus ranked these plants with the Ferns, 
from which their appearance is very dissimilar. Their 
hollow cylindrical stems are separable at the joints, by 
which the cavity of the stem is interrupted at regular 
distances. Each articulation is surrounded by a mem¬ 
branous, toothed sheath, which is a prolongation of 
the lower portion or internode; the teeth of the sheath 
usually corresponding in number with the furrows of 
the stem. They are all leafless, unless the sheath 
may be considered as a whorl of abortive leaves 
grown together. Some species have simple stems, 
others are branched, the branches being placed in 
whorls at the joints, and having the same structure as 
the stem itself. Each whorl usually consists of as 
many branches as there are teeth to the sheath. The 
Equisetums exhibit annular ducts, but no spiral vessels 
have been detected; the cuticle is furnished with 
breathing-pores. They are especially remarkable for 
the quantity of silex which is deposited and retained 
in their tissue. In one species, the well-known scour- 
ing-rush (E. hyemale), so much silex is accumulated 
beneath the cuticle, that the plant is commonly em¬ 
ployed for polishing furniture and metallic household 
utensils. “ On subjecting a portion of the cuticle of 
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this species to the analysis of polarised light, Dr. 
Brewster detected a bfeutiful arrangement of the 
siliceous particle^ wliicrf are distributed in two lines 
parallel to the a»is @f the stem, and extending over 
the whole surface. The greater number of the par¬ 
ticles form simple straight lines, but the rest are 
grouped into oval forms, connected together like the 
jewels of a necklace, by a chain of particles forming a 
sort of curvilineal quadrangle; these rows of oval 
combinations being arranged in pairs. Many of those 
particles which form the straight lines, do not exceed 
the 500th part of an inch in diameter. ^ Dr. Brewster 
also observed the remarkable fact, that each particle 
has a regular axis of double refraction. In the straw 
and chall' of Wheat, Barley, Oats, and Rye, he noticed 
analogous phenomena ; but the particles were arranged 
in a difl’erent manner,.and displayed figiiVes of singular 
beanty. From these data he concludes that the crys¬ 
talline portions of silex and other earths, which are 
found in vegetable tissues, are not foreign substances 
of accidental occurrence, but are integral parts of the 
plant itself, and probably perform some important 
office in the process of vegetable life.”* 

The stems of this tribe arc terminated by an oblong 
or conical spike (fig- 117, a.), composed of several 
whorls of pedicellate, peltate, many-angled scales or 
disks (fig. 117, h.). From the under side of these 
scales a number of wedge-shaped involucres project 
downwards, and bursting longitudinally on the inside, 
discharge a multitude of little bodies, the nature of 
which is not very well understood. These bodies, 
seen under a microscope, consist of a central green 
knob, furnished at the base with four elongated club- 
shaped filaments (fig- 117, c.). When moist, these 
filaments are twisted spirally around the central body, 
but when dry they unroll and expand themselves elas¬ 
tically. The filaments have many exceedingly minute 
granules sticking to them, as is represented in the 
figure. 


• Grcrille, Flora Edinenais, p. S14, 
22 * 
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Little is known of the nature of these organs. Ac¬ 
cording to Hedwig, the cent&l body is a pistil, the 
elastic filaments stamens, andnhe miilute grains which 
adhere to them, pollen. j 

Ad. Brongniart considers the knob as a naked seed, 
and the four filaments as stamens, or rather masses of 
pollen, thus approximating the tribe to the Coniferae; 
bnt the filaments can at most be only rudiments of 
stamens ; and the central body has not the structure 
of a seed. Arnott* conjectures that the knob is a recep¬ 
tacle, analogous to that of some Ferns, and that the 
filaments supply the place of the theca and ring of 
these plants, while the minute grannies are the sporules. 
The germination of these plants, as observed by Agardht 
and Vaucher,t sufficiently disproves this view, for the 
green knob itself is seen to grovv’ into a new plant. 
The office of the filaments is yndoubtedly to assist 
mechanically in the dispersion of the sporules, and this 
contrivance is analogous to several equally curious, 
hereafter to be noticed in the remaining families of 
Flowerless plants. 

The germination of the sporules in this tribe ex¬ 
hibits little analogy with that of true seeds. They in 
the first place increase considerably in size, and then 
project from some part of their surface a pellucid and 
extremely delicate tube or fibre, which becomes a root¬ 
let; it next sends upwards a number of slender and 
articulated green fibres, so closely resembling some 
Confervas, that Agardh, the most acute Algalogist of 
the age, at first mistook them for a plant of this kind. 
Gradually, these green fibres grow together into a 
single body, from which springs the stem with its 
lowermost sheath; the descending rootlets also joining 
together, produce a single root which descends vertically 
and buries itself deeply in the soil. 


♦ Art. Botany, in Enc. Brit., p. 54; 

I t Mem. Mm. Mat. IX., p. 283. 

1 See same work, X., p. 429. 



183. The Ferns, the most beautiful and generally 
admired of Flowerless plants, have always been espe¬ 
cial favorites with botanists. They are also the largest 
and most conspicuous plants of this class ; for, although 
the Ferns of the United States, and of all northern 
climates, have prostrate stems, and consequently do not 
rise at most above three or four feet in height; yet 
in tropical countries their trunks are often erect, and 
frequently attain the height of seventy or eighty feet. 
The Tree-Ferns of the Tropics are said to be objects 
of incomparable beauty; their straight, unbranched 
trunks often rising, like those of palms, as high as forty 
or fifty feet without a leaf. 

The stems of Ferns, whether prostrate or erect, pre¬ 
sent neither the Endogenous nor the Exogenous struc¬ 
ture, but seem to be formed of the united bases of the 
leaves cohering around a hollow or cellular axis. They 
continue to elongate from their anterior extremity, by 
the production of new leaves, but when once formed, 
they suffer no further increase in diameter. A trans- 
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verse section exhibits neither layers nor bundles, but 
irregular and sinuous strata Vf wood, imbedded in a 
spongy matter. t 

The trunk is a rhizoma when iyis prostrate and 
creeping upon or beneath the soil: when erect, like 
the trunk of a tree, it is termed a caudex. The rhizoma 
throws up leaves, or, as they are called in this tribe, 
fronds (jig. 118, a.), which, when young, are rolled up 
or circinate, like«the Sundew and the Cycadea; among 
Flowering plants, except that here they are rolled out¬ 
wardly instead of inwardly. The great peculiarity of 
this family is,.that their fructification is borne upon 
the back of the frond, which thus becomes both a 
peduncle and a leaf. 

The stalk of the frond, or that portion which inter¬ 
venes between the stem and the expunded or leafy part, 
like the petiole'of a leaf, is called tjie stipe (fig. 118, a.). 
The portion which extends through the lamina from 
its base to its apex, like the midrib of an ordinary leaf, 
is termed the rachis. The frond is simple or lohed, 
pinna'ifid, pinnately or palmatcly divided, 6fC , as in 
true leaves. The divisions, however, are never articu¬ 
lated upon the rachis, as in compound leaves. 

The veins or branches of the rachis which ramify in 
the frond, are usually parallel and forked, but not con¬ 
fluent with each other so as to form a network (fig. 
38.). To this, however, there are so many excep¬ 
tions that it cannot be considered characteristic, as was 
formerly proposed. It is nevertheless so common, that 
the only well-marked deviation from it in the Ferns of 
the United States, occurs in Onoclea sensibilis, which 
exhibits beautifully reticulated veins. 

In describing the fructification of Ferns, we take as 
the type of the family, that large division known by 
the name of dorsiferous Ferns, or Polypodiacece. On 
the back or under side of the frond of these Ferns, 
Hnall, light-colored spots appear, either in the forks of 
the veins or at their extremities, or occasionally on the 
vein. As these spots grow, they become 
ct, and finally appear in the form of clusters 
fig. 118, «,&.), called sori, or fruit-dots. 



FJSRNS. 


361 


The little grains of which they consist are termed cap¬ 
sules, or more prooerly t^cm ; the former appellation 
being in strictnessfconfined to a peculiar kind of seed- 
vessel. Fig. 118,^., represents a theca as it appears 
under the microscope. It is a flattened bag of cellular 
membrane, Axed to the frond by a pedicel or stalk, 
which is sometimes very short. The stalk, which is 
compospd of a row of thickened and strong cellules 
placed end to end, extends along one edge of the theca 
so as nearly to surround it as in a ring. This ring 
{annulus, gyrus), as it is called, does not in these cases 
pUss entirely round the theca ; it is therefore said to be 
incomplete. When the theca is ripe, the ring becom¬ 
ing dry and being very hygrometric, has a disposition 
to straighten itself; and when this tendency acquires 
sufficient force, the *theca gives way on the opposite 
side, and the ring straightens by a jerk, which tears the 
the thecae asunder, scattering abroad the minute dust 
or sporules which it contains {fig. 118, e.). This 
beautiful contrivance may be observed in action in the 
newly-ripetied fruit-dots of any dorsiferous Fern, under 
an ordinary lens, in a Ane dry day. 

The thecae are sometimes formed above the cuticle, as 
in Polypodiura {fig. 118, a.) : in this case the fruit-dots 
are said to be naked. More frequently the thecae origi¬ 
nate beneath the cuticle, and a portion of the latter, 
separated from the parenchyma, forms a membranous 
covering for the fruit-dot, called an involucre, or more 
properly an indusium. The indusium is sometimes 
Axed to the frond by its centre, opening all around the 
margin, when it is said to be peltate. (See fig. 118, c, 
which represents the fruit-dot of a species of Aspidium 
much magniAed.) In the genus Aspidium it is always 
round and peltate, or reniform, or semicircular, attached 
by a point on one side and opening on the other, as if 
consisting of half a peltate indusium. The genus Asple- 
■ nium bears elongated indusia, which are Axed to the veins 
of the frond by the whole length of their outer margin, and 
opening on the opposite side {fig. 119, a.). In Woodsia 
the indusium is placed beneath the fruit-dot. The 
Adiantum, or Maiden-hair, has oblong fruit-dots situated 
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close to the margin of the frond, reflected portions of 
which form the indusium. I? Pteris. the fruit-dots are 
confluent, forming unbroken margiial lines, and the 
indusium consists of fhe entire reflected margin of the 
fertile frond. 


In Trichomanes and Hymenophyllum, which are dis¬ 
tinguished from other Ferns by their extremely thin 
ana delicate foliage, the rein to which the thecse are 
attached, projects into the fruit-dot; being included in the 
cup-like extremities of the lobes of the frond, and it is 
then called a receptacle. Of this beautiful group of 
Ferns, none are natives of the United States; for 
although Hymenophyllum ciliatum has retained a 
place in our Flora since the time of Pursh, it has been 
found by no succeeding botanist, and should, doubtless, 
be excluded. , 

In some genera, the frond is so entirely covered with 
fruit-dots, that it loses its foliaceous appearance and 
resembles racemes or spikes; as in Onoclea and Stru- 
thiopteris, which difler from the ordinary dorsiferous 
Perns only in their contracted fertile fronds. 

There is a small group of Ferns in which the fruit- 
dots cover the whole under surface of the frond, alter¬ 
ing its appearance as completely as in the cases last 
referred to; but they differ from these in having thecae 
destitute of rings, the surface of which is longitudinal¬ 
ly striate or wrinkled, instead of reticulated. These 


Fig. 119, 



thecae are always ses¬ 
sile, and usually open 
by a regular cleft 
from top to bottom 
(Jig. 119, c.). Three 
genera of this group 
are found in the 
United States. One 
of these is Osmnnda, 
to which three showy 
and widely diffused 
species belong. To 
c this section also be¬ 



long 8 the elegant and rare Lygodium palmaturo, which 
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is remarkable for its twining habit; and the curious 
little Schiza:a pusilla, wMch is still more rare, being 
only found in this country*at a few localities in the Pine 
barrens of New Jersey. 

We omit all notice of several groups of Ferns, which 
present interesting deviations from what we consider 
the primitive or typical form of the tribe, since none of 
them are natives of this country. We pass to a remain¬ 
ing section, comprising two genera, vie: Botrychium, 
some species of which are popularly called Rattle¬ 
snake-fern, and Ophioglossum or Adder’s-tongue. 
These plants differ so greatly from U’ue Ferns in 
several particulars, that some eminent botanists have 
wished to exclude them from the family. In the first 
place, they have no rhizoma, but an upright stem and 
fibrous roots; and their vernation is straight, instead 
of circinate as in all other Ferns. Their thecae have 
neither rings or striae, *but are smooth and coriaceous, 
opening transversely by two valves, and aggregated 
on the frond in the form of simple two-rowed 
spikes in Ophioglossum; or presenting branched spikes 
in Botrychium. It should be added that the sporules 
of the latter are inflammable, like those of the Club- 
moss tribe. Fig. 119, b, represents several thecae of a 
species of Botrychium. 

Ferns may be raised from their sporules as readily 
as Flowering plants from their seeds. In germination 
“ the sporule elongates into a club-shaped body, which 
by degrees expands into a flat, cellular and somewhat 
foliaceous substance, sending out radicular fibres from 
its margin. This body appears by elongation to be¬ 
come the rhizoraa, for soon after it is fixed to the 
ground, it emits from a point on its upper surface a 
thread, ^hich is afterwards the stipe and leafy part of 
the plant.” 

Stamens and pistils have been diligently sought 
after in this family. All the older botanists agreed in 
considering the thecae as pistils; but we may infer 
how unsuccessful was the search for stamens, when 
Micheli and Hedwig thought they had discovered 
them in certain glandular hairs; Gleichen, in the 
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breathing-pores; Hill, in the ring of the thecae; and 
Koelreuter in the indusium. >At the present day, pro¬ 
bably no one doubts that Ferns are truly ilowerless. 

Concerning the nature of the Utecae, an ingenious 
and highly probable theory was'first proposed by 
Prof. Lindley, in his Outlines to the First Principles 
of Botany.* In this view a fruit-dot is considered to 
be a cluster of transformed fronds, or leaves; the stalk 
and ring repressnting the stipe and rachis, or In other 
words the petiole and midrib of a leaf; and the theca 
itself, the lamina with united margins. Tiiis theory is 
confirmed by ^hose viviparous Ferns, which bear mi¬ 
nute fronds in the place of fruit-dots. 

III. LveopoDiACE.®. The Club-Moss tribe. 

184. The plants comprehended in this tribe mostly 
belong to the genus Lycopodium, which was placed 
by Linnaeus among the Ferns. They agree with the 
Ferns in having annular ducts and even spiral vessels, 
in the structure of their stems, and in being furnished 
with breathing-pores; but difier in their veinless leaves, 
and also in their fructification and habit. They are 
generally low or trailing evergreens, with branching 
stems, densely crowded with firm, usually narrow and 
sharp-pointed veinless leaves; and so much resemble 
Mosses, except in their larger size, that several species 
are popularly known by the name of Club-moss. 
Other species are called Ground-Pine; and indeed 
their habit and general appearance is best indicated by 
saying that they are intermediate between Pines and 
Mosses. No species are now known, that exceed the 
.height of 2 or 3 feet, and commonly they are very 
much smaller than this; yet the examination of fossil 
fstems seems to prove the former existence of large 
trees of this family. 

Plants of this order are not very numerous in 
northern or temperate regions; our species grow in 


* Sec alto Liodlcy’s Intreiu^ion to the !fatural System of Botany. 
Amet. Edi 310. : 
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Fig. 120. 


company with Mosses, in moist or dry ground, or on 
rocks, usually preferrinathe deep shade of forests. 

Their fructification insists of thecee borne in the 
axils of the leavM, but sometimes the latter are so 
much crowded ana reduced in size, that the fructifica¬ 
tion apparently presents a spiked arrangement (Jig. 

120, a.). The thecae (Jig. 120, 
b, c,) are from one to three-celled, 
and one to thras-valved. They 
contain either a light yellow 
powder in great abundance, com¬ 
posed of very njjnute grains, or 
of two or three much larger seed¬ 
like bodies. The latter are usu¬ 
ally placed below the former 
when both are present in the 
same plant; the^ are undoubt¬ 
edly sporules, since young plants 
have been raised from them. 
I Some species bear the powdery 
' substance only, the nature of 
which is not very well known. 

® ® It has been thought to be pollen, 

yet several botanists affirm that plants will grow from 
it as from the larger sporules. This powder in all 
the species of Lycopodium is very inflammable, flash¬ 
ing like gunpowder, but without leaving any unpleasant 
odor; hence it is employed in the preparation of 
theatrical lightning. 



IV. Marsiliace.®. 

185. This is a little known tribe, consisting of a few 
inconspicuous aquatic plants, which generally escape 
observation rather from the situations in which they 
grow than on account of their rarity. Isoetes (which 
is sometimes referred to-the preceding tribe) nows in 
the mud at the bottom of rivers and pools, and has the 
appearance of a little grass or rush. MarsUea and 
Pilularia have creeping stems or runners, with a few 
cylindrical, rush-like leaves, which are coiled in vema- 
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tion, like the Perns. The fructification of Pilulari 
consists of globular involuci^s, not opening, divide 
internally into several cells ^ich contain the thecae 
these bodies are sessile in the axils qf the leaves. Thf 
of Marsilea is analogous to the former, but the invc 
lucre is stalked and dehiscent. 

Salvinia and Azolla have the vegetation of Junge 
mannia (187), and are found in tufts floating on th 
surface of stagnant water, among Lemna or Duck 
weed, Riccia, &c. The structure of their orgaru 
especially those of fructification, is involved in obscu 
rity. The tribs seems to be intermediate between th 
Ferns and Hepaticae (187). Pilularia has spiral vessels 
each leaf, or rather petiole, being traversed along it 
axis by a few vessels of this kind, with fibres inter 
mixed.* 


V. Musci. Mosses. 

186. We have now arrived at those forms of vegeta 
tion in which neither woody fibre nor vessels exist, bu 
all the organs are wholly composed of cellular tissue 
The Mosses are by far the most curious and complicatec 
in their organization of all the tribes in this division 
having stems composed of elongated cellular tissue 
and furnished with leaves which, although entirelj 
cellular, are arranged with as great regularity, and are 
as varied in their forms, as those of Flowering plants. 
The organs of fructification in this tribe exhibit greatei 
diversity and more complicated structure than the 
Ferns. 

Mosses rank among the smallest of planl.s; they 
seldom exceed the height of a few inches; and many 
are so minute that they would wholly escape our obser« 
vation if they did not grow in patches. Several species, 
indeed,are scarcely visible to the naked eye; and yet 
they have a stem, leaves, fruit, and other organs, as 
completely formed as the largest plants of the family. 


• Dt PUtihrla ditserl. Sot,—Joe. Georg. ,igarih, Lund. 1833. pp. 29 
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tn general, Mosses, like Ferns, delight in shady aitd 
damp places; yet every variety of moisture and dry¬ 
ness, of shade or exposifre, and almost every diversity 
of soil, is provided with its appropriate species. Several 
species are exclusively found on walls and roofs ; a few 
grow on the southern sides of bare rocks, where no 
other vegetable could be sustained, drawing all their 
nourishment from the atmosphere, and by their decay 
furnishing a bed of vegetable mould, ia which plants of 
higher organization take root. Some kinds are peculiar 
to the bark of trees, and others are partial to their 
prostrate and decaying trunks. Bogs and morasses 
abound with fine Mosses; in such situations we find 
Sphagni or Peat-Mosses in great abundance, and seve¬ 
ral other kinds, which in these situations grow very 
luxuriantly. The species of Fontinalis grow in run¬ 
ning water, where they attain a greater length than any 
other Mosses; and the little rivulets which meander 
through fields and waste places are often entirely con¬ 
cealed by beautiful light-green patches of Bryum 
audrogynum and Bartramia fontana. Some species 
are peculiar to granitic rocks, others to limestone; 
some grow exclusively in sand, and others are confined 
to clay. One Moss, Funaria hygrometrica, which 
grows in every part of the world, is sure to spring up 
wherever any thing has been burned upon the ground 
and also in the neighborhood of charcoal-pits ; whence 
its French name of La Charboniere. Most species of ' 
Bplachnum, although found in almost every country, 
have the singularity of growing only upon decaying 
animal substances; one species, S. angustatum, which 
is exclusively met with in such situations. Dr. Hooker 
found growing vigorously upon an old stocking; it was 
seen updn the hat of an unfortunate traveller who had 
perished on Mount St Bernard, and was also discovered 
by Capt Parry in Melville Island, growing in the 
cavity of the nose on the skull of a Musk-ox.* ■ 

Mosses imbibe moisture with the greatest avidity. 
Those which are at all exposed to extremes of drynesC 


* Hooker and Taylor, Mtucologia BrUanniea, 
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in the hot season, wither and become crisped and appa¬ 
rently lifeless; but a slight fhower, or the dew of a 
summer’s evening, speedily restores them to their 
former freshness. Specimens which have been for a 
long time preserved in the herbarium, become, on 
immersion in water, as fresh as when just gathered. 



The sporule case or theca (also called capsule) of 
Mosses is a little oblong or urn-shaped body, which in a 
few cases is sessile, but is usually borne upon a filiform 
fruit-stalk or seta (fig, 121, a,). The base of the fruit- 
stalk is commonly surrounded by a few leaves of a 
different form and lesser size than the ordinary leaves 
of the stem: these are collectively named the perichceth. 
At its first appearance the theca is sessile, either at the 
summit of the stem or in the midst of the leaves, and 
furnished with a membranous covering. Soon,the seta 
elongates, and the membrane is torn from its base and 
carried up with the theca, which it covers like an extin¬ 
guisher {fig. 121, 6.). This is termed a calyptra. 

* Hg. ISl, 0 , represents a plant of Jdeesia longiaeta, of the natural 
size: 6, represents the theca wHb its caijrptra, considerably magnified 
c, the theca after the calyptra is removed, exhibiting the lid : d, the 
theca still more magnih^, with its peristome brought into view by 
the removal of the lid. 
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When torn away equally from its base, so as to resem¬ 
ble an extinguisher or a tqll cap, it is said to be mitri- 
form: if split up on one side, as in fig. 121, 6, it is 
said to be dimidiate or halved. 

The removal of the calyptra brings to view the 
summit of the theca with its mouth closed by the 
operculum or lid {fig. 121, c.), which is differently 
shaped ip different species, being sometimes nearly fiat, 
sometimes conical, and occasionally prt)longed at the 
summit into a beak. When the theca is fully ripe, the 
lid is thrown of!’ by means of a curious contrivance for 
the purpose, and its mouth is exposed. J'he structure 
of the stoma or mouth of the theca affords the principal 
generic characters (196) in Mosses. It is usually fur¬ 
nished with a beautiful fringe, composed of teeth or 
hair-like processes, called the peristome {fig. 121, d.). 
The peristome is sometimes single, and in other cases 
double, or provided with an outer and an inner fringe. 
The processes of the outer fringe are termed teeth; 
those of the inner cilice. The outer series belong to 
the external, and the inner to the internal coat of the 
theca. It is worthy of remark, that the number of 
teeth in the peristome is either four, which is the small¬ 
est number, or some multiple of four. A single genus, 
Tetraphis, has a peristome of four teeth, and another, 
met with only in tropical countries, viz: Octahlcpharis, 
has eight, as the name denotes; sixteen is a frequent 
number; thirty-two still more so; and a few have 
sixty-four; but no Moss is known with any interme¬ 
diate number of teeth. 

The peristome is very hygrometric, the teeth expand¬ 
ing and turning outwards in dry weather so as to expose 
the open jnouth of the theca ; but if breathed upon, the 
moisture of the breath, merely, causes them to bend 
inwards and form an arch over the orifice of the theca. 

■ A manifest object of the fringe is to detach the lid in 
•due season, and also to aid in the dispersion of the 
sporules in dry weather, and in wet weather to protect 
them from moisture and prevent their escape. 

The teeth or bristles of the inner peristome are 
sometimes more or less connected by a membrane. la 
23* 
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the common Hair-cap Moss {Polytrichum commune), 
the peristome consists of a strong membrane, closing 
the mouth of the theca. 

The peristome, however, is not always present, seve¬ 
ral Mosses having none at all; in this rase the mouth 
is said to be naked, as in Sphagnum or J’eat-Moss. 

There is an expansion of the fruit-stalk, just at the 
base of the theca in some Mosses, termed an apQphysis. 
It exists in the Hair-cap Moss, and in several others. 
A little column, which commonly occupies the axis of 
the theca, is called the columella. 

The sporul^ of Mosses consist of a fine greenish 
powder filling the theca; from which Mosses may be 
raised as from seeds. 

There is another set of organs in Mosses, the nature 
of which is not well understood. ‘They are small, ob¬ 
long and stalked grains, usually, placed at the summit 
of the stem, commonly preceding the apparatus we 
have just described; when old, they are known to 
contain a granular matter. Hence Hedwig, who took 
the theca with the accompanying parts for a pistillate 
flower, considered the former to be anthers. This 
view is opposed by Sprengel, who has seen these sup¬ 
posed anthers fall from the stem, take root, and pro¬ 
duce new plants. This has been observed in several 
species. He therefore, with good reason, considers 
them to be buds, or little bulbs, like those borne in the 
axils of the leaves of Liliuni bulbiferum, and on the 
fronds of several Ferns; and he also remarks that, as 
is the case with other bulbiferous plants, those which 
produce these bodies plentifully seldom bear fruit; 
and that it is only where the soil is particularly good, 
and the air moist, that they produce buds and fruit 
together. The common Hair-cap Moss bears these 
bodies in the greatest abundance. 

The germination of the sporules of Mosses is entirely 
different from that of any trne seeds, and substantially 
agrees with that of the Equisetacess. Pellucid fibres 
are emitted indifferently from any part of the spornle ; 
some, of these remain beneath the surface, others rise 
into the air, become green and present the appearance 
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'of a Conferva, and finally a mass of these fibres grow 
together and produce the stem. This subject has been 
admirably investigated by Mr. Drummond * (the author 
of the Letters to a Naturalist, and a popular botanical 
treatise), who succeeded in raising more than 30 dif¬ 
ferent kinds of Mosses from their sporulcs. “ In 
Funaria hygro7netrica,’' Mr. Drummond remarks, 
“ processes made their appearance on the second day 
after sowing, in the form of pellucid‘points, evidently 
growing out of the substance of the seed. On the 
fourth day, each minute plant had from one to three of 
these appendages, each appendage gaowing out of a 
dilierent part of the brown covering of the seed.” 

“ On the seventh day they appeared, when magnified 
with the highest power of a compound microscope, to 
be about two lines In length, obtuse aiyl jointed; and, 
when growing in water, having some green-colored 
particles appearing within them, similar to what we 
find deposited in the cells of the leaves in a more ad¬ 
vanced state of the plant. But 1 observed that some 
of the articulated filaments in the pots of earth, pene¬ 
trated the soil in every direction, and formed the roots; 
those filaments only being of a green color wliich were 
growing on the surface. On the tenth day 1 found 
these filaments beginning to throw out branches. In 
a fortnight the surface of the pots appeared as if cover¬ 
ed with green velvet, from the numerous branched, 
filaments that clothed every part of the soil.” 

“ 1 find the time which Mosses remain in the Con¬ 
ferva state, before they produce their true leaves, to 
vary considerably in different species, and even in the 
same species under different circumstances. When 
regularly supplied with moisture, Funaria hygrome- 
trica, Didymodon purpureum, and some others, pro¬ 
duce their true leaves in about three weeks from the 
time of sowing.” Polytrichum aloides, which is very 
common on banks, remains about four months in this 
state, and has been described and figured as a plant of 
the Conferva tribe; and the same thing has happened 


• Tram. Limam Sadety, TUU., p. 24, et seq. 
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to several other Mosses. These green filaments, in 
the species just referred to, are present at all seasons, 
forming a delicate velvety covering for the soil in 
which the plant grows. 


VI. Hepaticje. Hepatic Mosses. Liverworts. 


Fig. 122. 



187. This is a tribe of humble, moss-like plants, 
usually growing in tufts and patches, on the ground, or 
on trees or rocks, in damp and shady places. They 
are intermediate between the Mosses and Lichens, the 
leafy kinds resembling the former, and those which 
have a foliaccous disk instead of stem and leaves, 
agreeing with the latter family. They are wholly 
composed of loose cellular tissue ; and their leaves, if 
leaves they may be termed, are always destitute of 
frame-work or nerves. 

Jungermannia, the largest genus of this tribe, pre¬ 
sents the greatest resemblance to the true Mosses; 
although the capsule or theca of the former has no lid, 
but splits into 4 pieces when ftiature, and the sporules 
it contains are intermixed with elastic spiral filaments, 
termed eZaferg (fig. 122, o.). Some species also ex¬ 
hibit minute spherical bodies, supported on short stalks, 
which have been termed anthers. 
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In Anthoceros (jig. 122, c.), the theca splits into two 
valves, exhibiting a central columella, to which the spo- 
rules are attaciied by means of very short straight fila¬ 
ments. 

In Marchantia, or Liverwort, (Jig. 122, £.), the place 
of stern and leaves is supplied by a flat and lobed 
frond, attached to the ground by numerous slender 
fibres e.mittcd from its lower surface. The upper sur¬ 
face is green, and fiirnished with breatHing-pores, which 
were first noticed by Prof Hooker. The thecae are 
here attached to the lower surface of a hemispherical 
Or conical stalked receptacle, which is intone species en¬ 
tire, and in another deeply cut into 8 or 10 lobes, 
spreading like an umbrella. Similar receptacles in 
some species bear other bodies imbedded in their sub¬ 
stance, which have 'been called anther^ Little open 
cups appear on the surface of the frond, containing 
green bodies, supposed to be analogous to buds, as they 
are capable of producing new plants. 

When the theca; are matured, they open at the extre¬ 
mity and emit a great number of sporules,intermixed with 
elaters, similar to those of Jungermannia. These ela- 
ters consist of a single spiral fibre, or more commonly 
of two filaments twisted spirally in opposite direc¬ 
tions. They are elastic and very hygrometric, coil¬ 
ing and uncoiling with the variations of moisture or 
dryness of the atmosphere.* The only office they . 


♦ Mirbel, in hia Elem. du Phys. Vkg. et Botanique (1815), I. p. 
398, describes tbeee filaments as membranous, diaphanous tubes, con¬ 
taining two threads spirally twisted in opposite directions ; but he at 
the same time expresses his opinion that this appearance may be an 
optical illusion. In his recent investigations, however, (as published 
in bis incomparable memoir on the structure of Marchantia) than 
which none have thrown so much light upon the mysteries of vegeta¬ 
ble organization, Mirbel has proved that these filaments are formed of 
single elongated cellules, which at first do not differ from the 
other cellules of the plant except in shape: their parieties are 
thin, entire, diaphanous, and colorless; but they soon begin to 
thicken, lose their transparency, and are marked throughout 
their whole length by two parallel spiral strioe. Having attain^ 
their full growth, each tube splits throughout at these strite, and ia 
thus transformed into two interlaced threads, spirally coiled in tqtpo- 
site directions, which at length assume a rusty yellow ctdor. 

This metamorphosis, continues Mirbel, was so complete, that if I 
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perform, so far as we know, is to aid in tlie dispersion 
of thesporules. 

Mirbel has given an interesting account of the man¬ 
ner in which the sporulcs of Marcliantia vegetate, 
which was briefly noticed in another place (p. 7 ). 
It will be observed that the developemciit of a new 
plant by sporules is essentially the same in all Flow¬ 
erless plants, so far as they have yet been noticed. 

• 

VII. CHARACEiE. The Chara Tribe. 

188. The Cliara tribe consists of submersed water- 
plants, having slender jointed stems, destitute of leaves, 
but furnished with whorled branches resembling the 
stem. There are only a few species, but these abound 
in stagnant vfater. Several kinds have the power of 
fixing so large a quantity of carBonate of lime in their 
tissue, that the plant retains its form when all the vege¬ 
table matter is destroyed. This is not an external in¬ 
crustation from calcareous waters, since the matter is 
deposited beneath the cuticle, and evidently originates 
from within, as was observed by Dr. Greville. While, 
therefore, Equisetum retains a quantity of silex but 
no lime, even when growing in calcareous earth, 
Chara, from some peculiarity of its economy, accumu¬ 
lates the latter in its tissue and rejects the former. 

Another interesting circumstance respecting these 
plants is, that in them was first observed the motion of 
the fluid contained in the articulations of the stem. The 
joints are elongated cellules. If we place a portion of this 
stem under a good microscope, having removed the cal¬ 
careous incrustation if it have any, a current will be 
distinctly seen in each joint, flowing down 'one side 
and returning up the other, at the rate, in Chara Vul- 


had not followed these changes, steg by steg, I could not venture to 
affirm here that these two ffiaments were primarily a simple cellule : 
but the fact is constant; and I am convinced that whoever will re¬ 
peat these observations with the determination of suffering nothing to 
escape him which it is possible to see, will arrive at the same results 
01 mme. HvrhA, Mtm, mr U Marehantia, p. 49, pi. viii. fig. 71,73,73, 
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gar is, of about two lines per minute. The motion is ren¬ 
dered evident by the minute green granules which float 
in the transparent fluid, and follow the course of the 
currents. This circulation, according to Treviranus, is 
instantly checked by the application of a few drops of 
alcohol, or by any laceration of the tube. It some¬ 
times stops of itself, and then goes on again after a brief 
interval.. Each cellule has a movement of its own, in¬ 
dependent of those above or below it; «nd if a cellule 
be divided by a ligature passed around it, a separate 
movement is seen in each of the divisions. Similar 
nlovements also have been repeatedl.v observed in the 
transparent stems of several aquatic Flowering plants, 
and in the fluid contained in hairs, such as those with 
which the filaments of the Spiderwort and Mullein are 
furnished. • 

The Chara: have twq kinds of fructification. “ The 
first is a nucule, which is sessile, oval, solitary, spirally 
striated, having a membranous covering, and the sum¬ 
mit indistinctly cleft into five segments. The interior 
is filled with minute sporules. The second kind is a 
globule, or minute round body of a reddish color, com¬ 
posed externally of a number of triangular scales, 
which separate and produce its dehiscence. The inte¬ 
rior is filled with a mass of elastic, transversely undu¬ 
late filaments. The scales are composed of radiating^ 
hollow tubes, partly filled with minute, colored, sphe¬ 
rical granules, which freely escape when the tubes are 
injured : their nature is wholly unknown, and, I believe, 
hitherto unnoticed.”* These colored granules. Dr. 
Greville remarks in another place, are exactly similar 
to the sporules of many cryptogamous plants. 

It will he perceived that very little is known of the 
structure of these plants. Linneeus placed them at one 
time among Cryptogamous, and afterwards with Phae- 
jiogamous plants, where several botanists still retain 
^hem. They are now, however, usually considered as 
Flowerless plants, and placed near the Algas, of which, 
in the opinion of some eminent botanists, they are but a 
section. 


* Clrevillc, Kora Edinensa, introd. p. 17. 
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VIII. Lichenes. Lichenes. 


Fig. 123. 
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189. We have now approached the very confines of 
the vegetable kingdom, and meet with forms totally dif¬ 
ferent from ordinary plants. We no longer find leaves, 
stem, or any distinct axis of growth. The three 
tribes, Lichenes, Fungi, and Algos, into which the leaf¬ 
less and cellular Flowerless plants are usually divided, 
each exhibit forms of much complexity, and others of 
the greatest possible simplicity ; so that it is impossi¬ 
ble to say which tribe should commence and which 
should close the scries. Our notice of these families 
must be extremely brief and cursory. Many botanists 
have devoted a great part of their lives to the study of 
each of these tribes, and yet none of them are well un¬ 
derstood. 

It is almost impossible to convey in wor'ds an ade¬ 
quate idea of the great variety of forms under which 
Lichens occur. Yet they are very familiar objects, and 
there is scarcely a trunk of a tree, a rock, or an old 
wall, that does not present them to our view, in varied 
forms and great abundance. Many species resemble thin 
crusts, and are inseparable from the rock or tree on 
which they grow. Others consist of granular or pul¬ 
verulent matter, and some are composed of a geiati. 
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nous substance. A great number of Lichens are flat 
and broad, usually lobed expansions, of a crustaceous 
texture, tixed by their lower surface to the trunk, rock, 
or soil on which they grow, and bearing on their supe¬ 
rior surface excrescences, shields, or spots, in which the 
reproductive sporules are imbedded. The main sub¬ 
stance of the Lichen is termed the frond or thallus : 
the portions which contain sporules are called apothe- 
cia. The apothecia according to their»appearance re- 
, ceive dilFercnt names. A scutelluin, is aii apothecium, 
or shield, with an elevated rim. Convex excrescences 
without a rim are called tubercles. Sorjidia are heaps 
of powdery matter on any part of the thallus; and 
there are a great number of similar terms, which ren¬ 
der the nomenclature of the tribe excessively diflicult. 
Many crustaceous Lichens are attached by their whole 
surface to the bodies op which they are touiid ; several 
kinds, growing on the ground, are furnished with slen¬ 
der root-like fibres on their margins and under surface, 
which are conspicuous in the genus Borrera. 

A considerable number of Lichens resemble shrubs 
or corallines in miniature, growing erect on the ground 
or on decaying logs, &,c. £x. Cenomyce. (Jig-. 123, a.) 
In these the thallus is generally small, and the stalk- 
Kke processes which elevate the fructification are 
termed podetia. The podetia are sometimes cup-shap¬ 
ed at the extremity, bearing several apothecia on the 
margin. The cup is termed a scypha. Several Lichens 
consist of long, filiform, and entangled branches, pen¬ 
dent from the boughs of trees, to which they give a 
hoary aspect. (Ex. Usnea, Alectoria.) The fructifi¬ 
cation in these genera consists of little circular shields 
at the extremity of the branches. 

The centre of the stem, in the last-mentioned kinds, 
is occupied by a filamentous substance, and the surface 
. is composed of a cortical matter, or a kind of bark. In 
. the flat species the lower surface is dry, filamentous, or 
imperfectly cellular and colorless; and the upper, 
which is the living or growing surface, assumes a great 
variety of colors. In their origin. Lichens, according 
to Eschweiler, are mere Confervs (191) developed 
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in humidity, forming, when the under part dies from 
the diminution of moisture, a crust which ultimately 
becomes the basis of the plant. Hence Lichens exhi> 
bit two parts : viz. a dead tissue, which forms the basis 
or bed, and living cellules, which are the vegetating 
part; every portion of which is capable of becoming 
reproductive matter. 

Lichens are widely distributed over the world, and 
abound especially in cold climates, thriving vigorously 
where few other plants are capable of withstanding the 
cold. In the polar regions and on the lofty mountains 
of temperate climates, they extend to the verge of per¬ 
petual snow. They are not confined, however, to any 
particular climate or degree of latitude, but “ where- 
ever there occur mould, stones, rocks, or trees. Lich¬ 
ens are sure to be found.” A recent writer on Lichens 
estimates the number actually known at 2400. 

Many crustaceous species contain so large a quanti¬ 
ty of gelatinous matter, that they have been employed 
as articles of food. One of these is the Iceland Moss 
(jig. 123, h.) of the shops, once much used in medicine, 
which contains, according to Berzelius, about 80 per 
cent, of a gelatinous or amylaceous substance, and is, 
therefore, highly nutritive. It is a common article of 
food in Iceland, being dried and made into a cake or 
boiled with milk, and eaten with thankfulness by the na¬ 
tives ; who confess “ that a bountiful Providence sends 
them bread out of the very stones.” Several species of 
Gyrophora, called by the Canadian hunters Tripe de 
roche, are used by them for food when they can get no¬ 
thing better. The common Cenomyce rangiferina, or 
Rein-deer Moss, forms the winter food of that animal. 

The Orchall, or Argol of dyers, which yields a fine 
purple colour, and the Cud-bear, are different species of 
Lichen. 

The crustaceous Lichens are found, in many instan¬ 
ces, to contain a large quantity of oxalic acid, amounting 
in some cases to 30 per cent, or more, of their weight. 
This acid, acting chemically on the calcareous rocks 
on which these species are often found, decomposes the 
Burfacb, .«nd enables them to imbed themselves more 
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firmly. Thus we also perceive that, through the agen¬ 
cy of this apparently insignilicant tribe of plants, the 
sterile rock becomes prepared for the maintenauce of 
vegetables of higher organization. 

IX. Fungi. The Mushroom tribe. 

190. Fungi are nearly related to Lichens, by a num¬ 
ber of intermediate forins which have been sometimes 
referred to the one tribe and sometinJBs to the other; 
and to avoid which difficulty, have even been se- 

? iarated into a distinct tribe intermediate between the 
wo. The Fungi are also connected^with Algaj by a 
number of filamentous species, which only difl’er from 
the latter tribe by growing in the air instead of under 
water. Fungi have no proper frond or thallus: they 
are never green, although presenting a great variety of 
other colors; and, unlike Lichens, they grow upon 
dead trunks, and other decomposing vegetable or ani¬ 
mal matter, rather than on living trees. Thus we ob¬ 
serve a partially decayed branch or trunk will have the 
bark of the living side covered with Lichens, and the 
dead side with Fungi. They never grow upon the face 
of rocks, nor upon the earth unless the soil abounds in 
decaying vegetables. 

The Agarics, or true Mushrooms, are better known 
than the other forms of this extensive tribe. They con¬ 
sist of an umbrella-shaped body, the cap or pileus {fig. 

124, a,), the under surface of which' 
is provided with 'hin radiating ex¬ 
pansions, termed gills or lamella 
{hymenium), among which the 
sporules are situated. The stalk 
which elevates the pileus is called 
the stipes. In an early state, the 
whole is enveloped by a membra¬ 
nous integument, which is after¬ 
wards torn open by the elonga¬ 
tion of the stipe; this is is termed 
the volva or vyrapper; and its 
remains are observable at the foot 
of the stipe, as in fig. 124, b. 
Several species have a delicate 
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fringe or veil, which connects the margin of the pilens 
with the stem; this is destroyed by the expansion of 
the pileus as it approaches maturity, and a remnant is 
sometimes left in the form of a ring (annulus) around 
the stipe (Jig. 124, c.). In Boletus, the under surface 
of the pileus is furnished with minute tubes instead of 
gills; and other species have the gills or pores on the 
upper instead of the lower surface. In Hydnum, the 
peridium consisds of soft spines or teeth. The Lyco- 
perdons or Puff-balls, are round masses of cellular tis¬ 
sue, enveloped with a fleshy covering (peridium), which 
opens by a hole at the summit, or splits into several 
pieces; the wfiolc interior is filled with little bags 
(sporidia), which, when ripe, emit the fine sporules they 
contain in large quantities, having the appearance of 
smoke. Mucor, Mucedo, &c.c those minute fila¬ 
ments, or tufted fugacious bodies, which appear in 
damp and dark places, on all decaying animal or ve¬ 
getable substances, are the simplest forms of Fungi, 
and perhaps of all vegetation. Of this nature is the 
mould which forms on the binding of books in damp 
and close situations, that upon bread, cheese, &c., as 
also the mould which appears on the walls of damp 
cellars, and the various kinds of mildew or blight. 
These plants consist of .simple or branching threads, 
variously interwoven, formed of minute cellules placed 
end to end. In some kinds, the sporules are included 
In the terminal joint inflated into a head ; some exhibit 
scattered sporules on their outer surface; but in many 
no sporules have been detected. 

There is another section of Fungi, which are truly 
parasitic, originating beneath the cuticle of living 
plants, through which they finally burst. Of this na¬ 
ture is the rust of grain, and, in the opinion 'of many, 
the smut of corn, &c., and the ergot of rye and wheat. 
Possibly a great number of these appearances, which 
have been described as parasitic Fungi, are diseased 
states of the integuments. 

“Some writers have questioned the propriety of con¬ 
sidering Fungi as plants, and have proposed to esta¬ 
blish them as an independent kingdom, equally distinct 
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from animals and vegetables ; others have entertained 
doubts of their being more than mere fortuitous deve- 
loperaents of vegetable matter, called into action by 
special conditions of light, heat, earth, and air—doubts 
which have been caused by some remarkable circum¬ 
stances, the most material of which are the following: 
they grow with a rapidity unknown in other plants, ac- 
' quiring the volume of many inches in a single night, 
and are frequently meteoric, that is^spring up after 
storms, or only in particular states of the atmosphere. 
' It is possible to increase particular species with cer¬ 
tainty, by an ascertained mixture of organic and inor¬ 
ganic matter, exposed to well-known atmospheric con¬ 
ditions, as is proved by the process adopted by garden¬ 
ers for obtaining Agaricus campestris; a process so 
certain, that no one/;ver saw any other kind of Agari¬ 
cus produced in mushroom-beds. This*could not hap¬ 
pen if the Mushrooms sprang from seeds or sporules 
floating in the air, as in that case many species vvoqld 
necessarily be mixed together. They are often pro¬ 
duced constantly upon the same kind of matter and 
upon nothing else, such as the species that are parasitic 
upon leaves ; all of which is strong evidence of the 
production of Fungi being accidental, and not analo¬ 
gous to that of perfect plants. Fries, however, whose 
opinion must have great weight in all questions relating 
to Fungi, argues against these notions in the following 
manner: ‘ Their sporules are so infinitely small (in a 
single individual of Reticularia maxir a I have counted 
above 10,000), so subtile (they are scarcely visible to 
the naked eye, and often resemble thin smoke), so light 
(raised, perhaps, by evaporation into the atmosphere), 
and are di3per.sed in so many ways (by the attraction of 
the sun, by insects, wind, elasticity, adhesion, &c.), that 
it is difHcult to conceive a place from which they can 
be excluded.’ I give his words as nearly as possible, 
because they may be considered the sum of all that 
has to be urged against the doctrine of equivocal gene¬ 
ration in Fungi; but without admitting, by any means, 
so much force in his statement as is required to set the 
24 * 
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question at rest. In short, it is no answer to such ar¬ 
guments as those just adverted to.”* 

The number of species, if they be species, of Fungi 
is almost incalculable. Between four and five thou¬ 
sand are described. In Sweden, within the compass of 
a square furlong, where the number of Flowering 
plants was 420, and of Lichens and Algae 430, 
Fries discovered more than 2,000 species of Fungi. 

« 

X. Ax^om. Sea-weeds, <^c. 

• Fig. 125. t 


a b d 

191. This order consists of the sea-weeds of the 
ocean, and the green, floating, scurn-like substances of 
stagnant fresh water. These plants are either delicate, 
thread-like bodies, or cylindrical and branching, or mem¬ 
branous, or somewhat leaf-like bodies, or of a mixture 
of all these forms. Their structure is homogeneous 
throughout, and therefore the whole plant takes the 
name of frond at thallus. In their consistence the 
Sea-weeds are sometimes leathery or cartilaginous, 
many are composed of delicate and pellucid membranes, 
others of soft and pliable or elastic threads, and seve¬ 
ral kinds consist of a tremulous jelly. They exhibit the 


* Lindley, IntToduction to the Natural System of Botany, p. 3t0. 
t Fucus veaiculoaus ; a, a portion of the frond with tubercles: 6, 
a aection of a magnified tubercle (capsule), exhibiting the thecie; c, 
a theca greatly magnified : d, the contents of a theca, viz. a few spo- 
rulea mingled with threads, very highly magnified—all from Greville’a 
Mga Britmnicoe. 
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greatest variety in size; many species being excessively 
minute, scarcely even visible to the naked eye; and 
from this they are found of all sizes up to the length 
of 30 or 40 feet, which is attained by several species. 
The longest of all Alga:, though at the same time com¬ 
paratively slender, is a species of Macrocystis, which, 
it is reported by navigators, attains the length of from 
500 to 1500 feet. Its stem is furnished with many air- 
bladders, without which it would be impossible for the 
plant to support its enormous length in the water, since 
the base is no thicker than the finger, and the upper 
branches are as slender as common packthread.* 

This family of plants exhibits a great variety and 
brilliancy of color. Almost every hue is to be found 
among them, but the predominant ones are green, red, 
and brown. . 

The organs of fructification in this tribe are very 
simple. They consist of sporules, scattered in the in¬ 
terior or on the surface of the frond, or in tubercles, 
which are either free or imbedded in the frond, or in 
distinct capsules or theca; (sporidia). The vesicles 
or air-bladders, with which many species are fur¬ 
nished, should not be mistaken for fruit-bearing or¬ 
gans. They are portions of the frond inflated with 
air, supposed to be of use in keeping the frond afloat. 

About 1500 species of Alga; are known to botanists, 
and from the situation in which these plants grow, it is 
probable that a very small portion of the existing spe- ‘ 
cies have been detected. The Flora of the ocean 
seems to be nearly as extensive as that of the dry land. 
We know nothing of the purposes which Alga: subserve 
in nature, but they are applied by man to many import¬ 
ant uses. The Dulse and Laver are valued articles of 
food, and many other kinds are eaten in diflerent parts 
of the world. Some undetermined species furnish the 
material of which the celebrated edible swallow-pests 
of India are composed ; pf which one kind is sold for 
nearly its weight in gold. Iodine is yielded by almost 


* Greville, Mgce BrUmnicee, introi. p. 18. 
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every marine Alga, but most abundantly by several 
species of Fucus and Laminaria. Chondrus crispus, 
(called in Ireland Carrageen moss, which also grows 
on our own coast,) is converted into size; it also yields 
a fine jelly for invalids, and is often used in the compo¬ 
sition of Blanc-mange. Until recently, the greatest 
part of the soda of commerce was furnished by the 
ashes of Sea-weeds. 

192. In conclusion, we may advert to an opinion en¬ 
tertained, at this day, by several most distinguished bo¬ 
tanists, which originated, if we mistake not, with Fries, 
a celebrated Swedish writer on Fungi. These authors 
suggest that there are no definite limits between Lich¬ 
ens, Fungi, and Algae: that the same vegetable matter 
which, called into action on the earth, with sufiicient 
light and air, &c,, produces a Lichen, will, in moisture 
on decaying organized substances, become a Fungus; 
or, if developed under water, exhibit the foi m of an 
Alga. Thus the matter, which, at its first appearance, 
is a minute cobwebby or jelly-like substance, becomes, 
upon an exposed wall, a Lichen, in a dark cellar, a 
Fungus, upon a living plant, a parasitic Fungus, and in 
water, a Conferva. No Fungus grows under water, 
and no Lichen is either aquatic, or found growing in 
dark places. Fries says that he has seen several Al¬ 
gae, so called while surcharged with water, perfect 
shields in air and sunshine, and turn out true and well- 
known Lichens. 

Hespecting Fungi, we have already said that the 
limits of that tribe, between Lichens on the one hand, 
and Algas on the other, are undistinguishable. Seed¬ 
ling Mosses, Equisetums, &c., have been mistaken for 
Confervae or Conferva-like Fungi, but their true nature 
is manifest by subsequent developement. If our 
means of observation were increased, it is possible that 
we should meet with characters for distinguishing 
these plants in any stage of growth, wherever any real 
distinction exists. 

It is through the Alga3 that the transition from the 
vegetable to the animal kingdom is supposed to take 
place; many of the small and thread-like species, or at 
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least bodies described as species, of Algts having been 
proved to be nothing but congeries of minute amimal- 
cula; strung end to end. Some of these extraordinary 
productions, which are, to all appearance, filamentous 
vegetables in the earlier period of their existence, pro¬ 
duce, instead of buds or sporules, little microscopic 
animalcules, which, after exhibiting a variety of rapid, 
and apparently voluntary, movements for a consider¬ 
able time, at length become filamentous Algae. Seve¬ 
ral Oscillatorias and Ulvas, with all the appearance of 
plants, exhibit active oscilatory movements. A species 
of Diatoma is known, consisting, like tlje other species, 
of hollow joints, having the form of a parallelogram : 
these portions are at first united with each other by 
their longest sides, but afterwards they separate, and 
are strung together by their extremities, so as to form 
a filiform tube. An adequate notice of this curious 
subject cannot be attempted here; but it may be con¬ 
fidently stated, that up to this time the absolute limits 
of the vegetable and animal kingdoms are undistiu- 
guishable. 
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OF THE CLASSIFICATION OF PLANTS. 

Sect. I. Of the Principles of Classification in general: 

Classes, Orders, Genera, Species, t^c. 

193. The whole science of Botany rests on the 
foundation of vegetable organography and physiology; 
and for this reason the botanical student should in the 
first place direct his attention to the study of plants as 
organized and living beings, and become familiar with 
all the ordinary forms of structui’e. To facilitate this 
object has thus far been the design of the present 
treatise. The vegetable kingdom is next to be con¬ 
sidered in aaother point of view, viz: as composed of 
a ffreat number of forms, distinct from each other, but 
exhibiting various degrees of resemblance; and here 
the object is to distinguish these forms or individuals 
from each other, and to note both their differences and 
resemblances; or, in other words, to describe and clas¬ 
sify them. Without this department of the science, 
botany could have no existence as a branch of natural 

.history, and the knowledge already accumulated con¬ 
cerning the 60 or 80,000 species of plants known to in¬ 
habit our globe could not be definitely expressed, or in 
any way rendered accessible to others. Consequently, 
classifications of some sort have been devised from the 
earliest times, varying with the amount and precision 
of the actual knowledge of plants, of which they form 
a tolerably accurate criterion. A complete classifica¬ 
tion carried to its full extent, will accordingly be found 
to embody our existing knowledge of plants, and to 
indicate all the various degrees of resemblance or 
diversity observable among them. 

194. Two methods, having different objects in view, 
have been followed in classifying plants. The one is 
called an artificial, and the other a natural method. 
The object of the first is merely to furnish the means 
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ef readily recognizing individuals, and arriving at their 
names; the second, with this object likewise in view, 
proposes moreover to arrange plants, so that those 
most resembling each other shall stand side by side, 
and form groups by themselves ; which groups are also 
to be arranged according to their mutual affinities into 
larger groups, and these again into still larger; all of 
' which are to be disposed in the order indicated by 
nature. This method, accordingly, if i»rfectly carried 
out in practice, must express both the near and the 
more remote relations established by nature between 
the individuals of the vegetable kingdom. 

An artificial method is easily contrived, as it may be 
founded on the diversities of form, &.c., presented by 
one or two organs; its application only requiring a 
knowledge of structure sufficient for the observation of 
these diversities. Oq the other hand! the natural 
method (for there can be only one) is not contrived, 
but discovered; and, as it expresses the affinities and 
analogies imprinted by nature upon the members of the 
vegetable kingdom, it cannot be said to be wholly per¬ 
fected until all existing plants are discovered, and proper¬ 
ly described and arranged. An artificial method might 
therefore have been expected to prevail in the infancy 
of the science; but the discovery and adoption of the 
natural system appears to be the necessary result of 
the gradual accumulation of knowledge, and a more 
scrutinizing study of vegetable structure. 

There is one point common to both these methods, 
viz: a provision for expressing the various degrees of 
affinity which plants present, by subdividing the whole 
vegetable kingdom into groups of different degrees of 
importance; ^e subordinate being comprised within 
the more general ones. These groups, which receive 
the same names in all classifications, are chiefly the 
following, beginning with the most important, viz: 

Classes, 

Sub-classes, 

Orders, 

Genera, 

(Sub-genera), 

Species. 
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The vegetable kingdom taken as a whole, is in the 
first place conceived to be divided into two or more 
groups, the plants included in each agreeing with one 
another in certain general particulars, in which they 
are contrasted with those of the other groups : these 
pviicary divisions are termed Cldsscs^ By observing 
Other characters less general than those we have em¬ 
ployed in the formation of classes, the latter may be 
divided into subordinate groups, called Sub-classes. 
Continuing this process we in the same manner divide 
a sub-class into subordinate groups, called Orders 
(and also Families or Tribes); the analysis of an 
order furnishes Genera ; and a genus includes one or 
more Species; the latter being the assemblage of all 
the individuals which resemble each other more than 
the individuals of any other group, agreeing indeed in 
every important particular. 

_ Genera and species are nearly the same in all ex- 
lEting methods, the only artificial system in use being 
in that respect natural in as great a degree as the cha¬ 
racter of the orders and classes will permit The 
difference principally consists in the arrangement of 
me genera, and the formation of the higher groups 
We may, therefore, more especially state what is 
meant by species, genera, orders, &c. without allusion 
to any particular mode of classification. 

. 195. Vegetables come under the cognizance of our 
senses only as individuals. Every plant complete in 
Its part* land distinct and separate from all others, 
whatevs^ay be its origin, is an individual. The 
• of association observable in individuals 

of species. If several individuals be 
raised seed of any plant, we observe that the 

hew plants, although perhaps slightly differing among 
themselves in height, color, or other unimportant pai? 
ticulars, yet resemble each other and the parent plant 
much more closely than any other plants. These 
again, when they ripen seeds, are capable of repro¬ 
ducing other similar individuals. A species, accord¬ 
ingly, M defined to be the assemblage of all the indi- 



IN OENERAL. 


viduals which resemble each other in all important 
particulars, and reproduce similar individuals by seed.* 
Any considerable change in the ordinary state or 
appearance of a species is termed a variety. These 
arise for the most part from two causes, viz: the influ¬ 
ence of external circumstances, and the crossing of 
races. Thus, as to the first-named cause, many spe¬ 
cies are_ capable of growing in almost every diversity 
of soil and situation, in consequence sof which they 
undergo considerable changes in appearance. If a 
plant grows in more shady places than usual, it has a 
tendency to become more pale, slender, and feeble 
than is common to the species ; if it haS an unusual ex¬ 
posure, it is subject to modifications of an opposite 
kind ; becoming more stout, firm, and deeply colored. 


It is siiinetimcs said that species have no existence in nature ; 
and this view is cninmonly taken of genera, orders, and other groups. 
In one sense both these opinions are correct: Nature presentsjo 
our view nothing but individuals, but these are created with 
certain resemblances and dissimilarities in the structure, form, color, 
&c. of their organs. The reunion of these individuals by their most 
obvious and striking resemblances, gives the idea of species, by their 
less striking but more general resemblances, that of genera, and 
so on. We do not hesitate to say of all the horses in the world that 
they form a single species, although scarcely two individuals can be 
found exactly alike in every respect. Neither will any one hesitate 
to admit that the ass and the zebra form two species, perfectly distinct 
from each other and from the horse ; and yet the three have certain 
common characters by which we at once recognize them as belong¬ 
ing to a single genus. ^ 

Tfie fact mat botanists often difior in opinion as to what are species 
is no evidence against the existence or non-permanence of species’ 
or the correctness of our definition. We are often under the nece»! 
sity of judaing from probable evidence, founding opinions upon cha¬ 
racters which may occasionally deceive us; where one botanist 
recognises a species, another sees a variety merely, and vice versa. 
But should'what we are accustomed to regard as a single species be 
proved to comprise two or more species ; or, on the other hand, should 
nearly all the North American species, as they are considered, oi 
Sagittaria, prove to be a single species modified by local circum¬ 
stances (as is by no means unlikely), the idea of species would not 
be at all afiected by our failures in practically distinguishing them. 

The ficulty of nicely discriminating species ie a good test of the 
skill of a botanist, requiring as it does much experience, combined with 
habits of close observation, and a just appreciation of the value of 
characters. . * 

25 
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A plant growing in a cold climate becomes smaller in 
all its parts, does not so regularly perfect its fruit, and 
the flowers are less odorous and paler in hue; whereas 
in a warm climate its stems become larger and more 
woody and leafy, the colors of the flowers more lively, 
and the odors and other sensible properties more in* 
tense. The influence of humidity produces numerous 
diversities. Plants which are pubescent in a dry soil, 
become glabrou.s when growing in very wet places; 
their stems usually elongating, and their leaves becom¬ 
ing larger. The influence of soil and cultivation in 
the production of varieties is too well known to require 
notice. By modifying the circumstances under which 
varieties occur, they may usually be made to revert to 
the ordinary form of the species, but they sometimes 
retain their peculiarities with great constancy under 
every mode o<’ treatment. Such'plants are perhaps 
true species, although they often differ from the species 
to which they are conceived to belong in such minor 
particulars only, that they are thought hardly to de¬ 
serve that rank. 

It is well known that the pollen of one species will 
often fertilize the ovules of other species of the same 
genus, and that the seeds thus produced give rise to 
individuals of an intermediate character, but which are 
unable to perpetuate themselves by seed, or if they 
have that power, lose it in the second or third genera¬ 
tion. A hybrid may, however, be rendered fertile by 
the application of the pollen of either of the plants 
from which it originated; but in such case the new 
plant assumes the characters of the plant which fur¬ 
nished the pollen. Nearly allied plants of the same 
genus can alone be made to hybridize. The different 
species of Strawberry, the Pelargoniums or Cape Ge¬ 
raniums, the Lily, &c. intermix very freely; but the 
Apple and Pear, although species of the same genus, 
cannot be made to fertilize each other; and the same is 
true of the Currant and Gooseberry. 

These monsters, however prized by florists, not 
being natural productions, can have no place allotted 
to them in a botanical treatise. They assuredly are 
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not varieties, yet by intermixing with the plants front 
which they sprang, they probably originated the va¬ 
rieties (or races) capable of perpetuation by seed, so 
ofieri presented by cultivated plants {Ex. Wheat, Peas, 
Beans, Cauliflowers, &c.). Ordinary varieties difler 
from these in being for the most part permanent by 
extension, but not by seed. Hybrids are very rarely 
produced by wild plants. I know of no instance of 
their spontaneous production by an.y truly native 
plants in North America, and only three or four cases 
of the kind are mentioned by European botanists. 
They are much more common among cultivated and 
domesticated plants. Along road-sideff we frequently 
observe a hybrid between the two naturalized species 
of Vervain (Verbena hastata and urticifolia ); and in 
a single locality I haye noticed the greatest profusion 
of hybrids between Verbascum Lychnitis and the 
common Mullein {V.'Thapeus). The species of the 
latter genus .show a greater tendency to hybridize than 
almost any other. 

196. A genus is a group of species all essentially 
agreeing in the structure of their organs, and more or 
less resembling each other in general appearance. 
The genus may be taken as the type, from which, by 
slight modifications of structure, form, &c., the species 
it comprises may be conceived to arise: but it is more 
philosophical to deduce the idea of a genus syntheti¬ 
cally, by the assemblage of nearly-related species, just, 
as we obtain the idea of species from the assemblage 
of similar individuals. In this view genera are cer¬ 
tainly founded in nature, and not unfrequently they 
are even more obvious than species; as in the Rose, 
Birch, Willow, Oak, &c., in which the genus is at once 
recognized by every observer, but all the skill of the 
botanist is often required to distinguish the species. 
This view is not materially affected by the fact that 
.botanists often disagree as to what are genera: they 
only difler as to the rank which certain characters 
marked by nature should hold in our classifications. 
Thus, some botanists divide the Honeysuckles into 
three genera, but others unite them into one, thinking 
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that the characters common to the whole exceed iu 
value those peculiar to each group. Linnaeus con¬ 
sidered all the Geraniums as forming a single genus, 
including three subordinate groups; whereas succeed¬ 
ing botanists have elevated these groups to the rank 
of genera. 

In very natural families, however, that is, where the 
species all very strongly resemble each other in struc¬ 
ture and genej-al appearance {Ex. Umbelliferae, Cru- 
ciferae, Labiatae, Graraineas, &c.), the genera are in one 
sense artificial, being in such cases convenient subdivi¬ 
sions of the tribe for the sake of forming groups of 
species having.the same structure; or, in other words, 
we are obliged to establish them upon less important 
characters than in other families, and consequently 
experience greater difficulty in defining their limits. 
Botanists differ in such cases in their estimate of 
genera according to the degree of importance they 
attach to these characters, which must be in some 
respects arbitrary. Genera, as established in books, 
may, therefore, be expected to vary with the progress 
of our knowledge; but this is productive of little prac¬ 
tical inconvenience. 

When the species of a genus are capable of being ar¬ 
ranged into two or more well-marked groups, the latter 
are termed sub-genera, or little genera. Thus the 
Honeysuckles {Lonicera,) are naturally divided into 
two sections (Lonicera proper and Xylosteum), which 
might, if it were thought proper, be elevated to the rank 
of genera.* If such divisions be not very distinct, or 
■Med by any particular diversity of structure, they 
Meive the name of sections. A genus often contains 
a single species only. 

197. Orders are groups of genera founded upon 
some characteristic traits, which vary with the mode of 
classification adopted. An artificial order consists of 

* It clearly amounts to nearly the.same thini?, in fact, whether we 
consider the genua Seirpua of Linnseug to comprise several aub-gene- 
ra, or with most modem authors consider the latter as independent ge¬ 
nera, the whole (with one or two others) forming a little tribe or 
group of genera. 
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a number of genera necessarily agreeing only in the 
single character assumed as the basis of the classifica¬ 
tion. A natural order, family, or tribe, may be consi¬ 
dered as a great genus, formed by the association of 
kindred genera, in the same way that a genus is formed 
by the assemblage of kindred species. The Ferns, 
Mosses, (Jrasses, Palms, Uinbellifera;, Cruciferse, &c., 
are marked instances of this kind. An order is some¬ 
times co’mposed of genera agreeing in a few important 
characters, though differing in minor particulars, so as 
to present a regular gradation from one extremity of the 
order to the other. The Ranunculace®, or Crow-foot 
tribe, is a good example of this kind f the plants of 
which it is composed exhibiting such diversity in ap¬ 
pearance, that they could not possibly be included in 
a single genus, and yet they all agree in the most im¬ 
portant characters. • 

A natural order ma^ sometimes be divided into two 
or more subordinate groups of genera, which bear tj^e 
same relation to the order that sub-genera do to genera : 
these are termed sub-orders. Thus, the order Rosa¬ 
cea; includes several sub-orders, such as the Rose tribe 
proper, the Apple tribe, the Cherry, or Peach tribe, &,c. 

198. Classes, the most general of all divisions, are 
formed by the association of orders having certain cha¬ 
racters in common. Sub-classes bear the same relation 
to classes that sub-orders do to orders. 

The same order of division is adopted in all botani- ■ 
cal classifications ; these observations, therefore, form 
a proper introduction to the consideration of the two 
principal methods of arrangement, which are next to 
occupy our attention. 


Sect. II. Of Artificial Systems. 

199. The object proposed by an artificial system of 
arrangement is to furnish'a convenient mode of ascer¬ 
taining the name of a plant. It may be likened to a 
dictionary, in which words are arranged alphabetically ; 
adjacent words having no necessary agreement, except 
25* 
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in commencing with the same letters. In fact, an arti¬ 
ficial system is to botany what an ordinary dictionary 
is to a language, oifering a key to the requisite informa¬ 
tion concerning any given word, without professing to 
indicate the principles or analogies of the language. 

The great Linnteus, who was the first to distinguish 
between an artificial and a natural classification, con¬ 
trived, with great ingenuity and good taste, the artificial 
system which bears his name, and which, by its simpli¬ 
city, elegance, and general applicability, became so 
deservedly popular, and, prevailing nearly to the ex¬ 
clusion of all others, effected a complete revolution in 
the science. 

The fundamental principles of the Linnaean system 
are exceedingly simple and easily understood; to 
which circumstance, perhaps, its principal charm may 
be ascribed. -Soon after the present view respecting 
the office of the stamens and -pistils had been trium¬ 
phantly established, Linnaeus conceived the plan of a 
cTassification of plants, founded upon the modifications 
in number, situation, connexion, &.C., of these import¬ 
ant organs. This he successfully accomplished, and 
presented to the world, first in his Flora Lapponica, and 
several years afterwards in the more extensive Species 
Plantarum. 

The classes of the Linnsean System, 24 in number, 
are wholly founded upon characters drawn from the 
stamens; and the characters adopted are all of an ob¬ 
vious kind, having relation to their number, situation, 
proportion, &c. 

The first eleven classes are characterized by the 
number of the stamens, and are distinguished by names 
of Greek derivation, expressive of these characters. 
Thus: 

ClMk 1. Monandria; comprises all plants with per¬ 
fect flowers, furnished with a single sta- 
men. 

2. Diandria ; comprises all such plants, with 

two stamens only. 

3. Triandria ; with three stamens. 

4. Tetrandri A ; with four staii;etis. 
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5. Pentandria ; with fire stamens. 

6. Hexandria ; with six stamens. 

7. Heptandria; with seven stamens. 

8. OcTANDRiA; with eight stamens. 

9. Enneandria; with nine stamens. 

10. Decandria ; with ten stamens. 

11. Dosecandria; with twelve to nineteen sta¬ 

mens.* 

• 

The distinctions of the first eleven classes, it will be 
seen, rest upon the number of the stamens alone, but 
they are moreover restricted to plants with perfect flow¬ 
ers, having distinct, unconnected stamens. 

The two succeeding classes derive their characters 
from the number and insertion of the stamens. 

12. IcosANnifiA, comprises the j>lants bearing 

flowers with 20 or more stamens, standing 
on (or rather adherent to) the calyx. Ex. 
the Apple, Cherry, &c. • 

13. PoLVANDRiA j with 20 or more stamens, not 

adherent to the calyx (t. c. hypogynous). 
Ex. the Poppy. 

The two succeeding classes are founded upon the rela¬ 
tive length of the stamens, viz. 

14. Didynam,ia; comprising plants whose flow¬ 

ers present two long and two shorter 
stamens, as in Mint and most plants with' 
labiate corollas ; and— 

15. Tetradynamia; those with four long and 

two short stamens. Ex. the Mustard. The 
names of these two classes are derived 
from the Greek numerals Sig, twice, and 
riTfa, four, joined to ^uvofiif, power; the 
long stamens being supposed to be the 
most powerful. 


♦The nanies of these several classes, and the two succeeding ones, 
are formed by prefixing the proper Greek numerals to mtdria (from 
used metaphorically for stamen. 
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Four classes, founded on the connexion of the sta¬ 
mens with each other, follow these, viz : 

16. Monadelphia ; including all plants whose 

flowers bear stamens with the filaments 
united into a single set or tube, forming a 
single brotherhood, as the name denotes. 
Ex. Mallow. 

17. Diadelphia; with stamens united by their 

filaments into two sets, or brotherhoods. 
Ex. Pea. 

18. Polyabelphia; with stamens united by 

their filaments into more than two sets.—‘ 
A sluall class with few good N. American 
examples. 

19. Synoenesia ;* stamens with their anthers 

united into a ring or tpbe. Ex. the Thistle, 
and Sun-flower. 

The next class is founded on the adhesion of the 
stamens to the pistil. 

20. Gynandria; includes all flowers in which 

the stamens (apparently) grow out of the 
pistil, as the name denotes. Ex. Orchis, 
Ladies-Slipper. 

The three succeeding classes are characterized by 
the separation of the stamens and pistils; the flowers 
being perfect in all the preceding classes. 

21. Moncecia; has the stamens and pistils in 

separate flowers, but both growing on the 
same plant, or as the name denotes, b6th 
dwelling in one house. Ex. Oak, Indian 
Corn. 

22. Dicecia ; has the stamens and pistils not 

only in separate flowers, but on different 
individuals (in two households, as the 
name expresses it) Ex. Willow, Hop. 

23. Polygamia; has the stamens and pistils 

separate in some flowers, and united in 
others, either all on the same, or on two 
or three different individuals. 


♦ From nv, and to arise, or grow together. 
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The remaining class comprises those plants whose 
flowers, if they may be so called, exhibit neither stamens 
nor pistils; including what are now named Flowerless 
plants. These Linnaeus united under the name of 

24. Crfptooamia; meaning that the essential or¬ 
gans of the flower are concealed from view. 

We here present the classes of the artificial system 
as they .were originally established by Linnaeus. It is, 
however, proper to remark that several modifications 
have been from time to time proposed by succeeding 
botanists. Thus, some authors have reduced their 
number, by abolishing the eleventh, the eighteenth, and 
the twenty-third, distributing the plants they comprise 
among the other classes. These changes may, on the 
whole, be considered as improvements, although their 
adoption renders it necessary slightly to modify other 
parts of the system, sq as to embrace thfl plants of the 
rejected classes. 

The arrangement and leading characters of the classes 
may be advantageously exhibited in a synoptical view 
as follows. 
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The orders of the Linnaean system are in the first 
13 classes founded on the number of the styles, or of 
the stigmas when the styles are wanting. They are 
named by pretixing the proper Greek numerals to gynia, 
used metaphorically for pistil. 

1. Monooynia ; 1 style or sessile stigma. 

2. Diovnia ; 2 styles or sessile stigmas. 

3. Trigynia ; 3 “ “ *• 

4. Tetragynia; 4 “ “• “ 

5. Pentagynia ; 5 “ “ “ 

t6. Hexagynia; 6 “ “ “ 

•t'?'. Heptagynia ; 7 “ •• “ 

t8. Octagtnia; 8 “ "* “ 

t9- Enneagynia; 9 “ “ “ 

10. Decagynia; 10 “ “ “ 

11. Dodecagymia;. 12 or thereabouts. 

12. Polygynia ; more than 12. • 

Those marked thus (t) are of very unusual occur¬ 
rence. It must be kept in mind that the foregoing orden 
are applicable to the first 13 classes alone. Those of 
the remaining classes are differently characterized. 

Thus the 14th class, Didynamia, has 2 orders, founded 
on the fruit, and named and characterized as follows : 

1. Gymnospermia (meaning naked seeds). Seeds 

naked, mostly 4. 

2. Angiospermia (meaning covered seeds). Seeds 

enclosed in a seed-vessel, usually numerous. 

We have several times had occasion to remark that 
the so-called naked seeds of Linnaeus are now well 
known to be small one-seeded fruits. 

The 15th class, Tetradynamia, has also two peculiar 
orders, distinguished by the form of the fruit. 

1. SiLicuLosA. Fruit a silicle {fig- 106), or roundish 

pod. 

2. SiLiouosA. Fruit a silique {fig. 105).- 

The orders of the 16th, 17th, and 18th classes are 
founded on the number of stamens, that is on the charac¬ 
ters of the first 13 classes, whose names they bear. 
.Thus the Mallow, which belongs to the 16th class, 
Monadelphia, has more than 20 stamens, and accord¬ 
ingly belongs to the order Polyandria of that class. 
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The 19th, class, Syngenesia, includes 6 orders cha- 
ACterized by the nature of the florets, whether perfect, 
eparated, or barren. 

1. PoLTGAMiA jEftCALis, has all the florets perfect, 
or furnished both with stamens and pistils. JEx. 
the Thistle. 

2. PoLFGAMiA suPERFLUA, liHS the florets of the disk 
perfect, and those of the ray pistillate only; all, 
however, usually ripening fruit. Ex. Aster. 

3. PoLYOAMiA FRUSTRANEA, has the florets of the 
disk perfect; those of the ray bearing neither sta¬ 
mens nor pistils (at least in a well-formed state), and 
therefore not ripening seeds. Ex. the Sunflower. 

4. PoLYGAMiA NECEssARiA; has the florets of the 
disk with stamens only, thestigmasbeingimperfect; 
those of^the ray with pistils only. Ex. Silphium, 
Parthenium. 

5. PoLYGAMiA SEGREGATA, has all the florets per- 
' feet, but each has a well-formed calyx, all being 

as usual enclosed by an involucre, called by Lin- 
nsean botanists a common calyx. Ex. Elephanto- 
pusi Echinops. 

Linneeus added a sixth order to the above, called Po- 
LYOAMiA MONOGAMiA, to include several plants with 
simple flowers and united anthers, such as Viola and 
Lobelia; but succeeding botanists have transferred them 
to Pentandria monogyma, for no very satisfactory 
reason, since Linnaeus did not intend his system to ex¬ 
hibit natural affinities. 

The orders of the 20th, 2ist, and 22d, classes, are, 
like those of the 16th, I7th, and 18th, distinguished by 
the characters of the preceding classes, that is, for the 
most part, by the number of the stamens. 

The 23d class, Polygamia, has three orders, founded 
on the characters of the classes immediately preceding. 
Moncecia, has both separated and perfect flowers 
the same individual.' 

2 . 1 ^^ 914 , when one individual bears the perfect, 
and wpother the two kinds of separated flowers. 

3. Trkecia, when one bears the perfect, a second 

the staminate, and a third the pistillate flowers. 
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The 24th class, Cryptogamia, exhibiting no charac¬ 
ters analogous to those employed for orders in the 
other classes, Linnaeus divided into four natural orders, 
viz: Ferns, Mosses, Algae, and Fungi. To these were 
soon added two others, viz: the Hepaticae or Liver¬ 
worts, and the Lichens; and now that Flow'erless 
plants have been examined more attentively as to 
their structure and affinities, several additional orders 
have been established. A brief accotint of these is 
given in Chapter V., to which the student is referred. 

200. It remains to point out the method to be pur¬ 
sued by the student in ascertaining the name of an 
unknown plant by means of the artilicial system of 
Linnaeus. The system is so simple, in theory at least, 
that a few words will suffice for this purpo-se. We 
will suppose the student to have in his hands some 
Flora, or work containing descriptions* of plants ar¬ 
ranged according to this method, and that the plant 
before him for examination is a Lily. The first object 
is to ascertain the class to which the plant belongs ; 
and this point is commonly of easy attainment. The 
tabular view given on page 298 exhibits the steps to be 
pursued in this investigation. In the first place we 
inquire, has the plant manifest stamens and pistils? This 
question being answered in the affirmative, the class Cryp¬ 
togamia is excluded, and we next inquire whether the 
flowers are always perfect? i. e. furnished both with 
stamens and pistils. This being the case in the flowers 
before us, the 21st, 22d, and 23d classes are excluded; 
and* the next step is to determine whether the stamens 
are adherent to, or separate from the pistil. Inspec¬ 
tion decides for the latter; our plant, therefore, cannot 
belong to Gynandria, the 20th class. We accordingly 
inquire whether the stamens are themselves distinct 
and unconnected, or connected with each other? The 
stamens having no connection with each other, the 
16th, 17th, 18th, and lOth.classes are excluded; and we 
next inquire whether tl^e stamens are of equal length? 
The inequality in the length of the stamens is not 
taken into consideration except their number be either 
four or six. The plant before us presents six stamens, 

26 
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>ut being all of the same length, the 14th and 15th 
classes are excluded; and as they are fewer than 
twenty, we have only to count the stamens to ascertain 
Ihe class, which we accordingly find to be the 6th, 
Hexandria. The order to which our plant belongs is 
found with equal readiness. The orders of this, and 
!)f all the fiwt 13 classes, being founded on the number 
jf styles, we have only to inspect the pistil to deter- 
nine this point. Our plant has a single style, and 
therefore belongs to the first order, Monogynia. Thus 
far the investigation is unattended with difficulty and 
“cquires no skill; and all the knowledge necessarily 
attained, is the ^mple fact that the flowers of the plant 
inder consideration have six stamens and a single pistil. 
The next step is to ascertain the genus to which our 
)lant belongs; and here we meet with the chief difficulties 
n practice. “The plan to be pursued, however, is 
ibundantly plain. In the Flora, or work containing 
•escriptions of plants, to tvhieh we must now refer, all 
he genera comprised in each order are arranged ac- 
jording to some convenient method, and their charac- 
ers(t. e. the circumstances which distinguish each ge¬ 
ms from all others of the same order) are enumerated, 
ffaese characters are taken, for the most part, from the 
iower and fruit. Our plant is to be successively com- 
>ared with these, and we find that although it exhibits 
aany of the characters of several genera, yet it agrees 
n every respect with but one viz. Lilium. We 
lave thus ascertained the generic name of the 
lant under consideration, and it only remains to de- 
srmine the species. For this purpose we compare our 
lant with the characters of the species enumerated 
nder the genus Lilium, and thus, if the plant be de- 
sribed in the work in our hands, we learn the specific 
ame in the same manner as that of the genus. 

Further illustration is scarcely required in this place, 
ince, by the examination of several flowers of diffe- 
mt classes, a student, perfectly ignorant of botany, 
lay fully comprehend the principles of the artificial 
/stem of Linnaeus in a single day. To this simplicity 
» theory, and to the easy manner in which it generally 
cables a person unpractised in botany to learn the 
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«ame and history of an unknown plant, the great popu* 
larity of this system is chiefly attributable. Its merus, 
therefore, are too obvious to need a more particular 
enumeration; for it is undeniable that it possesses 
many advantages ; that it was far better adapted than 
any other to the state of the science at the time of its 
appearance, and that it has exerted a most important in- 
. fluence upon its progress. This is cheerfully conceded 
by the botanists of our own day, who, nevertheless, 
with one accord pronounce it to be wholly unsuited to 
the present state of the science. It is equally clear, 
however, that this system has many imperfections and 
difliculties, that its advantages have been very much 
over-rated by its admirers, who have often forgotten the 
objects it proposes to accomplish ; and that it may fairly 
be doubted whether,pn the whole, it possesses any de¬ 
cided advantage over a natural system, even in facility 
of application. To this subject, however, we shall 
have occasion to devote more particular attention. _ 
It has been objected to the Linnaan system, that m 
very many instances it widely separates kindred plants, 
and as frequently brings together those wholly unlike 
each other in structure, appearance, properties, and 
indeed in every thing except the number or arrange¬ 
ment of their stamens and pistils. Thus, while the 
Mint, Balm, Horehound, and the major part of the 
Mint tribe, arc placed in the class Didynamia, the 
Sage, the Water Horehound (Lycopus), the Mountain 
Mint, the Horse Mint(ilfonarda),&.c. plants universally 
reccTgnized, as their popular names denote, to belong to 
the same tribe, and agreeing with the preceding in every 
respect except in having but two stamens, are arranged 
in Diandria. If we turn to the tribe of Grasses, we find 
one {Cinna) in the class Monandria, the Sweet-scented 
vernal grass (Anthoxanthum) in Diandria; the major 
part of the tribe being in Triandria Digynia, while the 
•Rice is arranged in Hexandria Digynia, the Gama 
grass and Indian corn are placed in Monoecia Trian¬ 
dria, by the side of the Sweet Fern and Cat-tail flag; 
and the Water-Oat {Zizania) stands in another order 
of the same class. Some authors, indeed, have placed 
most of these together in the class Triandria, but in this 
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they openly disregard the principles of the system they 
profess to adopt. On the other hand, what considera¬ 
tions of convenience can reconcile the association of 
the Barberry and the Spiderwort, the Lily and the 
Bulrush in the same order t or the arrangement side 
by side of the Gentians, the Caraway, the Elms, and the 
Pigweeds, in one order; the Maple, the Cranberry and 
tbe garden Nasturtium in another; and the Cucumber, the 
Castor-oil plant, and the Pine in a third 1 To all this 
it may be answered, that the system does not profess to 
bring together plants which resemble each other, except 
in having the same number of stamens and pistils; but 
that it is intended to serve the same purpose as a dic¬ 
tionary, in which words having very different meanings, 
if formed of nearly the same letters, often stand toge¬ 
ther. So thought the great founder of the system, who 
was the first to distinguish between an artificial and a 
natural method; but several succeeding botanists, pro¬ 
fessing to adopt his system, nevertheless hesitate to 
term it artificial, or are unwilling to admit the possibi¬ 
lity of its being superseded by a better. 

Admitting, then, as we readily do, that no artificial 
system can be expected to furnish natural groups, and 
that the object of such an arrangement is attained when 
it provides a certain and easy method of ascertaining 
the species of an unknown plant, we proceed to show 
several cases in which the artificial system of Linnasus 
fails to accomplish even this result, owing to insuper¬ 
able difficulties in the system itself; thus leading to 
uncertainty, error, and confusion, for which nothing but 
the study of the natural affinities of plants can furnish 
the corrective. 

j Firstly, when a plant has lost its stamens, though 
otherwise perfect in its parts, this system fuVnishes no 
N^aiil^f classifying it, or even of taking the first step 
ttmwlm ascertaining its name. Or, if the student meet 
for tj^p^rst time with the pistillate flowers only of a 
‘dioec^itB plant, the same difficulty occurs, for which 
furnishes no remedy. Again, should the 
nnbhs or pistils of an unknown plant undergo those 
curious transformations to which cultivated species 
are especially subject, forming double or monstrous 
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flowers, the Linnaean botanist is brought to a stand, as 
in all the preceding cases: his system, founding its 
primary divisions on a single set of organs, furnishes 
no ulterior resource; and he is obliged, as a most inge¬ 
nious advocate of the artificial "system frankly admits,* 
•* to guess at a new plant from its natural resemblance 
to some known one;" or, in other words, to betake him¬ 
self to the study of the principles of the natural 
method-to evade the difficulties of an artificial system. 

Secondly, there is another perplexing difficulty of 
■very common occurrence, arising from the irregularity 
in the number of stamens, styles, &.c. in the several 
species of a natural genus, or in difierejit individuals of 
the same species, or sometimes even in difierent 
flowers on the same individual. Where the number 
of parts, however, is not subject to variation, difficulties 
equally perplexing bften occur in soq^e other form. 
A genus not unfrequently comprehends some species 
with perfect flowers, while others are monoecious, dioe¬ 
cious, or polygamous. Some plants constantly exhibit 
united anthers, and yet are not referred to the class 
Syngenesis. Others have their stamens united into a 
single tube for a part of their length, and yet are not 
placed in Monadelphia ; and Linnaeus referred to Dia- 
delphia a number of genera uniformly exhibiting mpna- 
delphous stamens. 

Lest our view of these difficulties should appear to 
be exaggerated, we adduce a few examples. 

The greater part of the species of Stellaria have 10 
stamens, and Linnaeus accordingly placed the genus in 
Decandria; but the common Chickweed (S. media), 
the species which of all others the student will pro¬ 
bably first have occasion to examine, has usually five, 
often three, and very rarely as many as ten stamens. 
In this case how is the student, as yet ignorant of 
other species of the genus, to arrive at-the knowledge 
of his plant? In early spring the botanical student 
will probably find along the margins of shady brooks, 
the Chrysosplenium Americanum, a humble but some- 


• Smith, introA to Botany, Am. Ed, p. 313. 
26* 
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tvhat interesting plant with inconspicoous flowers. 
On examining the flower, he will probably observe 
only eight stamens; and if desirous of ascertaining its 
name by the artificial system, he will look for it in 
Octandria, where it will not be found. If the exami¬ 
nation of the plant be carefully continued, he may 
possibly discover a flower with ten stamens, and thus 
he induced as a last resort to look in the class De- 
candria, where he will find the name of his plant. If 
he inquire whjr a plant so regularly producing eight 
stamens is placed in Decandria, the only answer to 
be given is, that two European species have generally 
ten stamens in their terminal flowers and eight in the 
remainder; and' as Linnaeus referred these to Decan¬ 
dria, our plant must be placed there also, although 
it very rarely exhibits as many as ten stamens in any 
of its flowers. The Rue, also, has ten stamens in the 
terminal flowers, which are the first to expand, but 
uniformly exhibits eight in all the others. I(o fixed 
cute can be framed for the distribution of such plants 
in the Linnsaan classes. 

All the North American species of the Vine are 
either polygamous or dioecious, yet they are placed in 
the class Pentandria because the European species 
are mostly perfect and pentandrous. All our species 
of Lobelia have united anthers and filaments, and 
should therefore, by the principles of the Linnaean 
classification, be.-placed in Syngenesis, where the stu¬ 
dent would naturally expect to find them; or if that 
class is to be restricted to compound flowers, ^this 
genus would seem to belong to Monadelphia; most 
botanists, however, retain it in Pentandria. We pass 
over such instances as those of the Milk-weed, the 
Dog’s-bane, &c., which have two short styles and a sin¬ 
gle stigma, in which case we have no means' of deter- 
uining whether they should be placed in the order 
Monogynia or Digynia. 

There are many analogous cases, arbitrarily settled 
by the usage of botanists in such a manner as to afford 
little aid to the unassisted student; who will not fail to 
perceive that the system is much more simple in theory 
than easy in practice. As the student advances, he no 
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doubt overcomes many of these obstacles, not howbver 
by improving in the application of the principles of 
the system itself, but by disregarding them altogether. 
Thus, about eighteen species of Polygonum inhabit the 
Northern states, and this genus is so distinct in its 
character, that a student once acquainted with several 
species cannot fail to distinguish all the others as 
members of the same genus. Polygonum was placed 
by Linnaeus in Octandria, but of the eighteen species 
just referred to, only eleven have 8 sfamens, one has 
9, three have 6, two have 6, and one has 7 stamens. 
Now, if the first species which the student has occasioa 
iu examine be octandrous, all will be^clear and easy: 
if otherwise, the system leads him into inextricable 
difficulty. A catalogue of such anomalies may set 
him right, although this is no part of the system. If, 
after having attained a knowledge of one species of 
Polygonum, others of the same genus Having 5, 6, or 
7 stamens, fall into his hands, he refers them at once 
to their proper place, on account of the great resdm* 
blance they bear to that with which he is already 
acquainted ; thus relying on the natural classification 
by affinities, in defiance of the principles of the Lin- 
nsean system. 

The genus Phytolacca furnishes such a well-marked 
instance of the little dependence to be placed upon the 
the number of stamens and pistils as primary character!, 
that we advert to it here, although only a single specif 
inhabits North America. Seven species of this genus 
are.described in Sprengel’s Systema Vegetabilium, viz; 

1. Phytolacca decandra (the common Poke of this 
country), which has 10 stamens and 10 styles. 

2. P. Abyssinica, which has 10 stamens and 5 styles. 

3. P. Bogotensis, which has from 7 to 10 stamens 
and from* 7 to 9 styles. 

4. P. octandra, has, as its name denotes, 8 stamens 
and 8 styles. 

5. P. hep'andra, has 7- stamens and 6 styles. 

6. P. icosandra, has 20 stamens and 10 styles. 

7. P. dioica, has more than 20 stamens, which, Rs 
the name denotes, are separate from the pistils, and 
borne on different indivduals. 
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No- two of these species, it will be observed, are rc- 
ferrible to the same Linnaean class and order; but, as 
they all really form a single genus, which of the seven 
is to have the pre-eminence? The genus was, we be¬ 
lieve, originally established on P. decandra, and accord¬ 
ingly referred to Decandria Decacynia; the other 
species as they became known being set down as ano¬ 
malies. We are aware that this is an extreme case, 
perhaps the most anomalous instance that could be 
adduced; yet we hesitate not to say that the number 
of exceptions and deviations from the principles of the 
artificial system is much greater than is generally sup¬ 
posed, and that^the method does not possess the “uni¬ 
versal applicability” for which its advocates contend.* 


* We subjoin, in illustration of this subject, the following table of 
exceptions, compiled from Torrey’s Flora cT the Northern and Middle 
states. 


Linnsean Class or Order. 


■s£ 


j, e© • V V 

“g5"rs 

oHaS®! 

■-‘HI 


Monandria Mono^nia, 
Digynia, 

Diandrio, 

Triandria Monogynia, 
Digynia, . 
Trigynia,. 

Pentandria Monogynia, 
Digyni^ 
Trigynia, 
Polygynia, 

Hexandna, 

Heptandria, 

Octandria, 

Enneandris, 

Deeandria Monogynia, 
Digynia, . 
Trigynia, 
Pentagynia, 


1 

2 

2 

8 

12 

1 

10 

10 

1 

1 

11 

1 

3 

1 

5 

3 
2 

4 


274 78 

It appears from diis table that out of 274 genera, the whole number 
fai 18 oraers, 78 genera, or nearly one-third of the whide number, eon- 
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No one could be more fully aware of the insufficien¬ 
cy of an artificial system in botany, or could more 
highly appreciate the advantages of the natural meth¬ 
od, than Linnaeus himself; and the so-called Linnaean bo¬ 
tanists, in whose estimate the former system leaves little 
to be desired, have quite mistaken the views of their great 
master and sadly misrepresented his opinions. While 
he framed an artificial system for the convenient arrange¬ 
ment of plants, justly considering it as the one best 
adapted for this purpose at that day, and indeed as the 
only available one in the then existing state of the sci¬ 
ence ; he also gave a sketch of a natural method, ex¬ 
plaining the principles on which the latter might be ex¬ 
pected to rest, and pronounced the investigation of 
natural affinities to be the great object of his studies 
and the most iroportjint part of the science ; consider¬ 
ing the artificial system as a temporary expedient, 
which, however necessary at that day, would inevitably 
give place to the system of nature so soon as its fui^^a- 
menial principles should be discovered. It will rot be 
deemed irrelevant to adduce more fully the testimony 
of Linnaeus on this subject; since, in this country at least, 
the well-deserved fame of that distinguished naturalist k 
somewhat endangered by the eulogies and injudicious 
zeal of those who pretend to be his followers and ex¬ 
clusive admirers. Linnaeus, with all his partiality for the 
system he himself invented, affirms that the artificial 
method is hut a substitute for the natural, to which ii 
must, in due time, give jilace. The natural method, 
he also states, is and must he the principal object of 
the science; the elucidation of which is the first and 
ultimate aim of Botanists; to this end the labor of 


tain species which are uniformly or commonly at variance with the 
class or order to which they are referred, thus presentins a much 
greater amount of exceptions than can be found in all naturu families, 
not only of the distriet which the work embraces, but in the whole m 
North America. A similar analysis, compiled from a general Flora of 
North America according to this system would, we doubt not, exhibit 
a much greater proportion of exceptions. 

A table of anomalous flowers appended to Pursh’s Flora of North 
America, which the author thought necessary for the asKstonce of 
young botanists, consists of no less than eight pages. 
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the greatest Botanists should be diligently directed, and 
the merest fragments of this system should be careful¬ 
ly studied.—Though not yet discovered, it is held in 
high estimation by the ^wisest Botanists, while by the 
less learned it is thought to be of little consequence. 
For a long time, continues Linnaeus, 1 have labored to 
establish it: I have made many discoveries, but have 
not been able to perfect it; yet while I live 1 shall con~ 
tinue to labor for its completion.—In the mean time I 
have published what I have been able to discover; and 
whosoever will resolve the few plants which still re¬ 
main shall be my magnus Apollo .— Those are the 
greatest Botanists who are able to correct, augment, 
and perfect this method ; which those who are unquali¬ 
fied should not attempt. * 

It must now, we think, be conceded on all hands 
that the day anticipated by Linnaeus has arrived, when 
the artificial system, having effected the object for 
which it was invented—that of serving as a temporary 
raoststata for a natural system—is no longer needed; 
that it has, in fact, after accomplishing a great amount 
of good in its day, given place to another method 


♦ While giving the substance of the views of Linnaeus, we sub¬ 
join, for the satisfaction of the student, the exact words which he 
enmioys. 

Perpetuum est quod methodus artificialis sit tantum naturalis suc- 
oedanea, nec possit non cedere naturali.— Class, plant, in prat/. 

Methodus naturalis primus et ultimus finis Botanices est et erit.— 
Phil. Bat. 

Primum et ukimnm in hocBotanicis desideratum est.—Summorum 
Botanicorum hodiernus labor in his sudat et desudare decet—^Me- 
thodi naturalis fragments studiose inqnirenda sunt.— PhU, Bot. 

Primum et ultiraum in parte systematica botanices quaesitum est 
methodus naturalis ; hmc adeo a Botanicis minus doctis vili habita, a 
sapientioribus semper tanti testimata adhuc licet detects nondum.— 
Class, plant. 

Diu et ego circa methodum naturalem inveniendam laboravi, bene 
multa quEe adderem obtinui, perfieere non potui, continuaturus dum 
vixero; interim quae novi proponam ; qui paucas quae restant bene 
absolvit plantas, erit mihi magnus Apollo.— Class, plant. 

Emendsnt, augeant, perficiant hanc methodum qui possunt; de- 
•istant qui impares sunt; qui valent Botanici sunt'eximii.— Class, 
plant. 
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equally convenient, and infinitely more philosophical 
as well as useful; and those who perpetuate its exist¬ 
ence on account of the alleged facilities it presents for 
acquiring a mere knowledge cff names with the least 
possible expenditure of thought, would do well to con¬ 
sider whether the respect due to the system of Linnaeus, 
viewed in reference to the higher ends for which he 
•himself intended it, be not compromised by permitting 
its degradation to purposes for which itVas not origin¬ 
ally designed. 

About 60 years have elapsed since the death of 
L*inna;us, during which period the science has under¬ 
gone a revolution quite as complete as fhat effected by 
the great reformer of systematic botany himself. We 
have now a more perfect and intimate knowledge of the 
structure of plants, and so far understand the laws by 
which their external forms are modifieJ, that natural 
groups may be defined as accurately as artificial assem¬ 
blages; and thus the chief obstacles that impeded 
Linnaeus are now surmounted. That many difficulties 
still remain is fully admitted; but assuredly nothing need 
prevent us " from using the powers we possess, and 
bringing the science to that state in which only it can 
be realty useful or interesting to mankind.” 


Sect. III. Of the Natural System. 

20Ji. The classifications of Caesalpinus, Ray, Tour- 
nefort, and others of the predecessors of Linnaeus were 
attempts, imperfect indeed, to arrange plants according 
to their natural affinities. The natural classification of 
Linnaeus was a more elaborate attempt of the same 
kind, but lie was unable, in the then existing state of 
structural botany, to express in words the resemblances 
and affinities he recognized among plants, and accordr 
ingly left his groups without characters. The learned 
Bernard de Jussieu, a contemporary of Linnajus, devoted 
all his attention for many years to the discovery of a 
natural method of arrangement; and although he pub- 
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lUhed no system during his life-time yet whoever 
examines his distribution of genera into natural orders, 
as published by his nephew at the head of his own 
Genera Plantarum, wHl be surprised at the acuteness 
with which the natural affinities of plants were seized 
at that early age of botany. The first successful expo¬ 
sition of the natural system was given by the celebrated 
Ant Laur. Jussieu, in his incomparable worh on the 
Genera of Plants arranged in Natural Orders,* which 
was published in 1789. “This octavo volume,” says 
Sir J. E. Smith, “ was received by acclamation through¬ 
out Europe, and hailed as the most learned botanical 
work that had appeared since the Species Plantarum 
of Linnaeus." From this period, the science of Botany 
has advanced with unexampled rapidity; and the labors 
of the greatest botanists of the age (among whom we 
may only advert to De Candolle, Brown, the late 
Richard, Martius, and Lindley,) have effected an entire 
change in the aspect of the science within the last forty 
years. We shall not attempt to give a history of its 
progress, but shall confine our remarks to a view of the 
principles of the natural system as now received. 

202. The natural method of arrangement proposes 
to express the mutual affinities of plants as far as pos¬ 
sible; and to effect this object, its classes and other 
divisions are founded, not upon a single character or 
set of characters, but upon several; no part of the 
vegetable being neglected. This method chiefly rests 
upon the relative value of characters; the most univer¬ 
sal being employed for the grander assemblages', and 
the less general for subordinate divisions. These con¬ 
siderations need not be taken into account when we 
employ an artificial method, in which the leading cha¬ 
racters assume a factitious importance, not n'ecessariiy, 
or indeed usually, correspondent to nature. 


* Ant, Lawr. de Jussieu, Genera Plantarum secundum Ordines JVotu- 
rales diaposUa, Paris, 1789. As only a single edition of this work has 
been pablisk^, it. ia now very scarce. Its author still survives at the 
advancailfafB of M years. 
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• It accordingly becomes necessary to pass in review 
the several organs described in the preceding chapters, 
for the purpose of noticing the value of the characters 
they respectively furnish in a natural arrangement. 

Every organic peculiarity in which plants ditfer or 
agree among themselves is a character. No circum¬ 
stances of this kind should escape the notice of an 
accomplished botanist; but the comparative importance 
of these' characters is, nevertheless, extsemely different. 
The most general, or in other words, the most constant 
characters are of the highest, and those most restricted 
or inconstant are of the lowest value : the most general 
characters are, therefore, of the highest value for great 
divisions, such as classes, orders, &c. ; and the less 
general for minor groups, such as genera and species. 
Thus, the presence ol^fiowers and seeds is characteristic 
of the great class designated as Flowering plants; but 
this character, being common to the whole class, is of 
no use in its subdivisions. Less general characters 
furnished by these same organs, such as the structure 
of the flowers, seeds, &c., afford the best characters for 
subordinate divisions, although useless for the more 
general ones, and of no importance for distinguishing 
the genera or species of those groups from each other, 
because common to them all. rp^e value of a charac¬ 
ter, therefore, depends upon the purpose to which it is 
to be applied. Of this we shall presently have several 
illustrations. 

The permanence of a character also affects its rank ; 
those which are most permanent being of the highest 
value, and those which are most variable of the lowest. 
Thus, the seed-vessel and the seed are produced year 
after year without perceptible variation, furnishing 
constant *and permanent characters; but the color of 
the flowers, the surface of the leaves whether smooth 
or hairy, the height of the stem, &,c., are liable to great 
variation; an^, accordingly, much less dependence can 
be placed upon these characters. 

The highest character presented by any organ is drawn 
from the consideration of its presence or absence. Thus, 
Vascular and Cellular plants are distinguished, the one 

27 
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by the presence, and the other by the absence of cellu¬ 
lar tissue; Flowering and Flowerless plants by the 
presence or absence of flowers, «fcc. 

The characters next ki importance are those furnished 
by the position or arrangement of any organ or set of 
organs. Thus, the two great groups into which Flew- 
ering plants are divided (33) are distinguished, the first 
(Exogcnce) by having the vascular tissue disposed in 
concentric rings around a common axis (the pith); and 
the second (Endogence) by having this tissue disposed 
in bundles, and not in zones. They are also distin¬ 
guished by another character wdiich is a consequence 
of the preceding, viz : the presence of medullary rays 
(36) in the former case; and their absence in the 
latter. 

The seed, considered under the.most important view, 
that of its presence or absence, furnishes characters for 
distinguishing the two primary classes already indicated. 
If., we consider the embryo, or essential organ of the 
seed, under the view next in importance, viz: the situa¬ 
tion of its parts, we find that the two sub-classes are 
characterized, the one by having the cotyledons oppo¬ 
site, the other by having them alternate (175). The 
situation of the embryo within the seed is also found 
to afibrd characters of a high rank. 

Characters drawn from the form, connection, relative 
length, and relative number of organs, are next in im¬ 
portance ; those furnished by the absolute number of 
parts, such as the number of stamens, pistils, seeds, &c., 
being usually of much less consequence. The abun¬ 
dance of any tissue, intensity of color or odor, the 
degree of pubescence, &c., are all characters of the 
lowest rank, being by themselves insufficient to distin¬ 
guish species. 

Linnaeus thought that the organs of fructification 
furnished the most constant characters, and he accord¬ 
ingly admitted no others except in distinguishing spe¬ 
cies. We now know that anatomical structure fur¬ 
nishes those of the highest importance ; but these are 
few, and as yet are scarcely used except for classes 
«nd sub-classes. The organs of vegetation, also, are 
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now known to afford characters of as high rank as 
those of reproduction, and several which are even of 
greater importance; but the organs of reproduction 
furnish a greater variety of clfaracters than all others, 
and these, accordingly, are most commonly employed 
“for orders, genera, and even species. 

The Root furnishes the fewest characters of all the 
organs • of vegetation ; and this is no doubt partly 
owing to the difficulty of examining it,*and of preserv* 
ing it in the herbarium. Its forms, although liable to 
great variation in cultivated plants, often furnish good 
characters for species. 

The subterranean modifications of <he stem, such as 
bulbs, tubers, cormi, and rhizomata, afford good cha¬ 
racters for species, and occasionally for genera; but 
they arc seldom of much importance in distinguishing 
orders. * 

The Stem, in its ordinary modifications, furnishes 
numerous characters of great importance. Its stsuc- 
ture, whether Exogenous or Endogenous, distinguishes 
the two sub-classes of Flowering plants, as already 
observed. It is highly probable that the structure of 
the stem when more attentively considered, will be 
found to afford many characters for orders. Only 
a small number of such cases, however, are now 
known. All the plants of the Carolina Allspice tribe 
{Calycanthea) have four imperfect centres of growth 
on the outside of the ordinary concentric circles of ’ 
wopd, exhibiting something like an instance of Exo¬ 
genous and Endogenous growth combined in the same 
individual.* The peculiar structure of the woody 
tissue distinguishes the Coniferaj and Cycadeset even 
more unerringly than their flowers and fruit Palms are 
known by their cylindrical stems with a terminal bud; 
Grasses by their cylindrical and hollow stems closed 
at the nodes; and square stems are almost universally 
found in the order Labiatae, and that part of Rubiaceae 


♦ See Mirbel, in the jinnales des Sciences M'atvrales, XIV. p. 367 j 
and Lindley, Inlrod. Miit. Syst. Am. ed. p. 26. 
f See note, on page 9, 
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which comprises the Madder, Galium, &c. The figure 
of the stem is, however, commonly a character of spe¬ 
cies only; its direction, whether erect, decumbent, trail¬ 
ing, or climbing, also affords good characters for species; 
but its height, degree of robustness, of branching, &c., 
are frequently too variable to be depended upon, even 
for specific characters. The mode of branching often 
furnishes good characters, being connected with the 
position of the'leaves and buds; yet this circumstance 
has hitherto been little attended to. Spines, being 
merely abortive branches, are rarely sufficiently con¬ 
stant to indicate more than varieties. The Pear, which 
produces spinel' when it grows wild, loses them in a 
cultivated state. 

The presence of prickles, glands, scales, <^c. often 
serves to distinguish species, and the same may be said 
bf pubescenctf; but, as has already been remarked, 
little or no dependence can be placed on the degree of 
pubescence ; although the form of the hairs commonly 
furnishes good specific distinctions, and sometimes 
even those of genera or orders. 

Leaves afford a great variety of characters of differ¬ 
ent degrees of importance. The outline or figure of 
the leaves furnishes excellent characters for species, 
although they must be employed with considerable 
latitude, for the same individual sometimes presents 
ovate, lanceolate, and even linear leaves; and as to 
division of margin, entire and pinnatified leaves are not 
very unusual in the same plant; a difference in these 
respects alone, unaccompanied by other marks, being 
hardly sufficient for indicating a species. The nature of 
the margin, however, sometimes assists in the determi¬ 
nation of the genus or order to which a plant belongs. 
Thus, the Gentian tribe, the Myrtle tribe, all Rubiacea;, 
and all Endogenous plants with a few exceptions, have 
entire leaves. 

Simple and compound leaves are scarcely to be ex¬ 
pected in the same genus, although several instances 
of the kind occur in Rosacese, and some other families. 

The arrangement of leaves on the stem affords cha¬ 
racters of high rank. Most Endogens have alternate 



THE NATCRAI. SYSTEM. 


31 


leaves, but it is difficult to specify the prevalent form 
in Exogcns. There are, however, only a small number 
of orders which present both opposite and alternate 
leaves. All Labiate plants, Rybiaceae, Gentianess, the 
Pink tribe, and several others, uniformly have opposite 
leaves; the Ranunculaceas, Cruciferae, Umbelliferae, 
Xmentacese, &c. have constantly alternate leaves; 
. while in the Pea tribe, the Poppy tribe, &c., the latter 
arrangement most commonly prevails. As to con¬ 
nection with the stem, it is observable that the leaves 
of Endogens never separate by an articulation, but 
decay without falling; while a true joint is formed, 
sooner or later, in all Exogenous plant#. 

A high order of characters is furnished by the vena¬ 
tion of leaves, the two principal modes of veining (53) 
coinciding almost uniformly with the two sub-classes 
of Flowering plants; *the subordinate modifications arei. 
also sometimes characteristic of orders. Thus the 
Mallow, Gourd, and Currant tribes exhibit the radiated 
form of veining; the Amentaceee, dt-c. the feather-veined 
form; the Melastomace% {Ex. Rhexia) are charac¬ 
terized by the strong parallel veins or ribs, converging 
to the apex of the leaf, somewhat after the manner of 
Endogente; and the Myrtle tribe is distinguished by 
the presence of an intra-marginal vein, formed by th^ 
confluence of the veinlets just within the margin. 

The presence of pellucid dots, observable when the 
leaf is held against the light, is of consequence as indi-. 
eating a peculiar organization. This circumstance es¬ 
pecially characterizes the Orange and Myrtle tribes, 
and is also observable in the Hypericineae (Ex. St 
John’s-wort). 

The presence or absence of Stipules affords impor> 
tant characters, the same order scarcely ever presenting 
both stipulate and exstipulate leaves. The form of 
stipules often distinguishes species, and sometimes even 
wrders. Thus, Polygoneee, the Buck-wheat tribe, (with 
the exception of Erigonum*) is well characterized by the 
presence of ochreate stipules (fig. 38. e.). 

Bracts, with which the floral organs may be said to 
commence, are seldom used e^oept for distinguishing 
27* 
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species ; but in Gramineae, where they exclusively con¬ 
stitute the floral envelopes, they furnish the principal 
generic, and also the most valuable specific characters. 
Bracts also furnish generic distinctions in Compositse. 

The different forms of Inflorescence afford excellent 
characters, some of specific, and others of generic irn- 
portance. Thus, a spike and a head, a raceme and a 
panicle, &.C., though not found in the same species, are 
often met with in different species of the same genus. 
But a corymb and a cyme, or a head and a glomerule, 
are not observed in the same genus; these forms re¬ 
spectively belonging' to two very distinct modes of in¬ 
florescence. The inflorescence, also, occasionally fur¬ 
nishes obvious ordinal characters. Thus, all Amen- 
taceae bear catkins; all Conifera:, strobilesj the antho- 
dium is one of the characteristic's of Conipositie, and 
the umbel of Umbelliferaj. 

The Floral Envelopes furnish a great variety of cha¬ 
racters. The mode of aestivation, of the calyx especial¬ 
ly, is commonly of ordinal importance. Thus, the a;s- 
tivation of the calyx is valvate in the Mallow tribe, in 
Tiliaceae and all the nearly allied families, and imbricated 
in the Pink tribe, the Flax tribe, &c. The absolute num¬ 
ber of sepals or petals is sometimes a character of con¬ 
siderable consequence. Thus, the numbers 3 and G are 
nearly universal in Endogens, and 5 is the prevalent 
number in Exogens; all Cruciferous plants have 4 
sepals and 4 petals; and the presence of 2 sepals and 
4 petals, or some multiple of that number, is charac¬ 
teristic of the Poppy tribe. 

The various forms assumeil by the Calyx afford good 
specific characters, and its more marked peculiarities 
are used for generic distinctions. The adhesion of the 
calyx-tube to the ovary, causing the latter organ to 
appear inferior, is usually a character of ordinal im¬ 
portance, only a few cases being known of a free and 
adherent calyx in the same family. The Saxifrage 
tribe, however, exhibits all degrees of this adhesion. 

The presence or absence of the Corolla often dis- 
tingnishes orders, but its absence is of comparatively 
little moment when the calyx is constantly present. 
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The two cases not uncommonly exist in the same genus 
(Ex. Clematis), and sometimes even in the same spe¬ 
cies {Ex. Isnardia palustris). The numerous diver¬ 
sities in texture, color, and odor, and the slighter modi¬ 
fications of form presented by the corolla, afford cha- 
jficters for species or varieties; its more important 
div^srsities in form, number of parts, connection with 
each other and cohesion with neighboring organs, 
furnish excellent generic distinctions. • The union or 
distinctness of the petals sometimes conveniently dis¬ 
tinguishes orders ; but there are so many orders in¬ 
differently presenting both monopetalous and polype- 
taluus corollas, that that no absolute dependence can be 
placed upon this circumstance as an ordinal character. 
Several orders are well distinguished by the peculiar 
form of the corolla. , Thus, a papilionaceous corolla is 
never found except in the Pen tribe; aJabiate corolla 
is nearly restricted to the Mint tribe {Lahiata), and 
the Orchideae, Polygaleae, Fumariaceas, &c., are respec¬ 
tively characterized by a peculiar irregular corolla, 
which at once distinguishes them. 

The Stamens, whether viewed as to their insertion, 
connection, structure, relative length, number, &c., fur¬ 
nish characters of various degrees of importance. 
Their insertion, or situation with respect to other or¬ 
gans, affords valuable ordinal distinctions. Thus Ra- 
nunciilacese, Cruciferac, Papaveracca;, &c., uniformly ex¬ 
hibit hypogynous stamens; Rosaces', Myrtacea;, &c., • 
perigynous stamens; and Umbelliferac, epigynous sta- 
mdVis. As to the connection of their filaments, they are 
monadelphous in the Mallow tribe and several kindred 
families, diadelphous in the Pea tribe proper, with a 
few exceptions, such as Sophora where they are sepa¬ 
rate, anifLiipinus where they are monadelphous. The 
suppression of a part of the stamens, causing an irregu¬ 
larity as to number or situation, also deserves to be 
noticed. Thus, the whole outer series, is either sup¬ 
pressed, or transformed into scales or thread-like pro¬ 
cesses in the Primrose tribe, from which it happens that 
the stamens which do appear are opposite the petals. 
The suppression of the fifth stamen, and occasionally of 
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two Others, is seen in Scrophularineae, Acanthaces, 
Labiatse, Bignoniacex, &c. 

The relative length of the stamens is commonly of 
little importance, except, in the families last mentioned, 
where two stamens are almost invariably shorter when 
they are not entirely suppressed; and also in Cru- 
ciferae, where of 6 stamens two are uniformly a litire 
shorter than the others. 

The union of ]the anthers into a short tube is a charac¬ 
teristic of Compositae; one-celled anthers, opening by a 
slit along the upper edge, are seen in all Malvaceae ; each 
cell opens by a terminal pore in Ericineae, Solanum, 
&c., and by valves in the Barberry and Laurel tribes. 

Excellent ordinal distinctions are afforded by the 
manner in which the anther is connected with the fila¬ 
ment. Thus, the anthers are versatile in Grainineae, and 
erect in Cyperaceac. The form of the pollen-grains is 
capable of being used for distinctive characters, but on 
account of the minuteness of these bodies they are sel¬ 
dom employed ; their various modes of connection fur¬ 
nish sectional characters in Orchidex, and ordinal 
characters in several families. 

The Pistil affords many characters of great value. 
It is important to observe whether this organ be inferior 
or superior, or, in other words, adherent to the calyx 
or free from such adhesion. The value of this charac¬ 
ter has already been noticed. It is also of great conse¬ 
quence to observe whether the organ consists of one or 
several carpels. Thus, the Pea tribe exhibits a solitary 
simple pistil; and Cruciferae, Capparideee, and Fuma- 
ricese present a compound pistil consisting of two 
united carpels, which an inexperienced botanist might 
easily mistake for a simple pistil. In Ranunculaceie the 
pistils are usually separate, but in a few cases the same 
genus (Ex. Nigclla, Delphinium) presents species with 
distinct and partially combined carpels. Apocarpous 
and syncarpous pistils, however, rarely occur in the 
same genus. The number of cells in the ovary, as indi¬ 
eating the composition of the pistil, generally affords 
generic distinctions, at least when the question resta 
between one and aeveral-celled ovaries. 
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' The Style, as to its relative or absolute length, form, 
&c. affords good specific characters, and sometimes those 
of genera. The Stigma likewise affords specific and ge¬ 
neric distinctions, and occasionally those of orders. 
Thus, in the Pink tribe the stigmas occupy the whole 
•i'ltHpr surface of the style; in the Flax tribe, &c. they 
are (Capitate. 

The Ovules afford excellent characters for orders 
and genera, both as to situation, whetffer erect or sus¬ 
pended, and also as to number, whether one, two, or 
several; their structure furnishes still more constant 
cliaractcrs, which will b« mentioned under seeds. 

The Fruit, being the ripened pistil, flie characters it 
affords are nearly of the same value as those of that or¬ 
gan, and several additional ones are also presented by 
the texture and dehiseence or indehiscence of the peri¬ 
carp. The texture rarely furnishes unexceptionable or¬ 
dinal characters, since membranous, woody, fleshy, and 
berry-like fruits are sometimes found in the same family, 
and even in the same genus ; it, however, usually affords 
good generic characters, and must not be disregarded in 
the former view, making allowance for occasional 
exceptions. Dehiscent and indehiscentfruits often exist 
in the same family; as in Ranunculaceae, in which Ra¬ 
nunculus, Clematis, &c., have an indehiscent, and the 
Columbine, Larkspur, &c., a dehiscent fruit. The mode 
of dehiscence is not always the same throughout the 
same family ; and sometimes both the loculicidal and' 
the sjepticidal dehiscence are met with in the same ge¬ 
nus, as in Hypericum. 

The Seed, which in itself unites the characters of an 
organ of reproduction and of vegetation, affords more 
important characters than any other single organ. The 
texture and appearance of its coverings sometimes serve 
to distinguish orders or genera, and very often furnish 
excellent, although commonly minute, characters for 
species. The presence or absence of Albumen is, with 
some qualifications, a most important character for dis« 
tinguishing orders. The texture of the albumen, when 
this substance exists, is also taken into account. Thus, 
it is oily in the Poppy tribe, mealy in the Buck-wheat 
tribe, in Gramineae, &c., horny in Rubiacese and Umbel- 
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liferae; and ruminated in Anonaceaa and the Nutmeg 
tribe. 

The Embryo, or miniature plant contained with a seed 
is found to afford characters of the highest importance. 
Its presence distinguishes Flowering from Flowerless 
plants ; the want of one cotyledon distinguishes ^iso¬ 
genous from Endogenous plants; and its position with 
regard to the albumen distinguishes Gramineae from Cy- 
peraceae. The Polygonca:, Urticea;, &c. are at once dis¬ 
tinguished from kindred families by their orthotropous 
seeds ; and no instance is known of the occurrence of 
anatropous and campulitropous seeds in the same order. 
It is true that these characters are often minute and 
somewhat difficult of observation, but their sonstancy 
renders them extremely useful. We have already 
observed, wha^t we here take occasion to repeat, that 
in ordinary cases a mere inspection with a simple mi¬ 
croscope will suffice to determine all the important 
pdints relative to the structure of a seed; and a little 
practice renders this kind of investigation as certain, 
and almost as easy, as the examination of the more con¬ 
spicuous floral organs. 

203. The object proposed by the natural system is 
to bring together into groups those plants which most 
resemble each other, not in a single character only, but 
in every essential point; so that a knowledge of any 
one individual of a groupl will give an adequate idea of 
the structure, habits, and general properties of the 
whole. The subordinate groups being combined, into 
larger assemblages, and these again into still more com¬ 
prehensive divisions, the whole vegetable kingdom is at 
length embraced in the general classification. Thus, 
as has already been observed, genera are groups ofkin- 
dred species, orders are assemblages of kindred genera, 
and sub-classes and classes are vast assemblages of or¬ 
ders agreeing with each other in certain general and 
important characters. Supposing the mutual affinities 
of plants to be rightly understood, it will be borne in 
mind that these groups are really natural; but their re¬ 
lative value as compared with each other, as also the 
names used to designate them, cannot be fixed by any 
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absolute rule, and will be found accordingly to vary 
more or less with the progress of our knowledge, and 
with the views taken by different botanists, until the 
means of investigation are nearly* exhausted. What our 
botanist considers as a single genius, another may divide 
into several, and vice versa; and the same may be said 
of tHN higher divisions. That this is an inconvenience 
in any science, although in a great degree unavoidable, 
is readily conceded; but it is not a very material one, 
neither docs it prove, as students are at first sight apt to 
imagine, that the system itself is fluctuating and uncer¬ 
tain. Thus, it is quite immaterial whether the great 
group Amentacea, be viewed as a singltf order, compri¬ 
sing the Willows, the Birches and Alders, the Bayber- 
ry, the Oaks and Chestnuts, &c., as so many sub-orders ; 
or whether these be considered as several distinct but 
nearly related orders. The natural family of Rosacea' 
exhibits another illustration of this kind. All the plants 
of this order have a general similarity in structure a«d 
appearance, and arc properly considered as forming a 
separate group. We find, however, that this great as¬ 
semblage is naturally divided into several well-marked 
minor sections. Thus, the genus which contains the 
Almond and Peach, and that comprising the Plum and 
Cherry, agree in having a single ovary, which in fruit 
becomes a drupe, in their bark yielding gum, and in the 
presence of prussic acid in the bark, leaves, and kernel 
of the fruit. The Apple, Pear, and Thorn, likewise' 
agree in their pomaceous fruit and other obvious 
characters; and the Rose, the genus Rubus (compris¬ 
ing the Raspberry, Blackberry', &c.,) the Strawberry, 
and several other genera, compose a third group equally 
distinct from the two preceding. In this, as in the former 
example, some botanists view these groups as kindred 
orders, and others more judiciously consider them as 
sub-orders or sections of one great order. The same ob¬ 
servations equally apply to genera, as already remark¬ 
ed. An attentive study of the relative value of charac¬ 
ters will eventually load to uniformity in this respect; 
•and even at present the practical inconvenience is by 
-no means great 
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In the arrangement of plants according to the natural 
system, all the circumstances which indicate their mu¬ 
tual affinities should be duly considered, and hence ijo 
characters are to be disregarded. The leading princi¬ 
ple in the formation of natural divisions is, that the 
highest and most general characters are to be employed 
for primary divisions, or classes; and the highest of 
those not so employed are appropriated to sub-classes; 
those next in irhportance and permanency to orders, and 
the still more subordinate or less permanent, to genera 
and species. Having given a sketch of the principal 
characters employed in botany, and briefly indicated 
their relative value, so far as the case will admit, we 
proceed to show their application in establishing and 
distinguishing those grand divisions of the vegetable 
kingdom which form the basis of the natural system. 

204. It has already been shown that the vegetable 
kingdom, viewed as a great whole, is naturally divisible 
info two grand classes, called Flowf.ring and Flow¬ 
erless plants: the one comprising the plants which 
produce flowers, the other those always destitute of 
these organs. This division is proved to be truly na¬ 
tural and of primary importance, by the uniform agree¬ 
ment which subsists among the plants of each class in 
the most important characters furnished both by the 
organs of reproduction and of vegetation. If we con- 
.sider the organs of reproduction in Flewering plants 
with the view of ascertaining the rank of the charac¬ 
ters they afibrd, bearing in mind that the value of a 
character is in direct proportion to the importance of 
the organ, we find that the calyx and corolla, serving 
chiefly for the protection of the stamens and pistils, 
and moreover being oceasionally wanting, are conse¬ 
quently subordinate to the latter organs. The stamens 
are manifestly intended for the production of pollen, and 
the pollen for the fertilization of the ovary ; when this 
end is acebmplished, the'stamens fall away:—the 
stamens are, accordingly, inferior in importance to the 
pistils. The pistil arrived at maturity consists of the 
seed-vessel and the seeds ; the former serving merely 
for the protection of the latter. We thus arrive at the 
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aeed as the most important of all the organs of repro¬ 
duction, and which may therefore be expected to fur¬ 
nish the highest and most constant characters. This 
analysis may be carried a step* further: the seed con¬ 
sists of the embryo, the albumen, and the integuments; 
of,\rhich the two latter are wholly subordinate to the 
fornter, the one being destined for the nourishment of 
' the embryo at a particular season, and the other to en¬ 
close and protect the whole. T'he embryo, or rudiment 
of the new plant, is accordingly the essential organ of 
the seed, to which all others are subservient; it, more- 
fiver, necessarily exists in every perfect seed. 

The reproductive organs of Flowerlfess plants, how¬ 
ever varied in the several tribes and unlike true flowers 
in all, agree in producing bodies analogous to seeds, but 
which never contain an embryo. The vegetable king¬ 
dom may therefore, by means of the hipest charactei* 
(viz: the presence or absence) of the most important 
of the reproductive organs, be divided into two great 
groups (£mJryonatCff and Exembryonatem of Richard), 
perfectly corresponding in the plants they comprize, 
the one with Flowering, and the other with Flowerless 
plants. 

So, also, the great classes Cotyledones and Acotyle- 
dones of Jussieu correspond with Flowering and Flow¬ 
erless plants, since the latter producing no embryo are 
of course destitute of cotyledons. The names intro¬ 
duced by Jussieu for these grand divisions are objec- 
tion 3 .ble, because the cotyledon is not an essential or¬ 
gan, and is wholly absent in some true embryos; as in the 
case of the Dodder (175). 

If we notice the most important characters aiforded 
by the organs of vegetation, we meet with further con¬ 
firmation of the correctness of this division. Thus, 
Flowering plants exhibit (with very few exceptions) a 
. distinct stem, root, and leaves ; whereas theseforgans 
are more or less confounded with each other in Flower- 
less plants, except in a few of the higher tribes. The 
limits in this respect not being very well marked, we 
turn to the elementary organs, and find that Flowering 
plants are recognizable by the greater complexity of 
28 
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their organic structure, uniformly exhibiting the three 
kinds of elementary tissue. In Flowerless plants, on 
the other hand, we observe not only greater simplicity 
of organization, but the absolute want, or great diminu¬ 
tion in quantity, of vascular and woody tissue. As¬ 
suming the fact of the absence of vascular tissue, or^at 
least of spiral vessels, in Flowerless plants, several au¬ 
thors have applied the names of Vascular and Cellular 
plants to the primary divisions of the vegetable king¬ 
dom. We have, however, elsewhere observed, that 
although vascular tissue is found in all Flowering 
plants, and seems to be in some way necessarily con 
nected with the production of flowers and seeds, yet 
there is not an abrupt change to a cellular organization, 
but a regular gradation is eflected in this respect 
through several tribes of Flowerless plants. Although 
the structure of the stem is an almost unfailing index, 
yet the presence or absence of spiral vessels alone is 
not'sufficient for this purpose; we therefore prefer to 
characterize the two grand classes essentially by the 
presence or absence of flowers and seeds. 

205. Having thus established two great classes com¬ 
prising the whole vegetable kingdom, the next step is 
to effect a division of each class into subordinate groups. 
The two grand assemblages into which Flowering plants 
are naturally divisible, have been already indicated in 
considering the structure of the stern (33, 40), leaves, 
flowers, and seeds (175), all of which afford characters 
for distinguishing them. Thus, as to the stem, the one 
sub-class presents the Exogenous, and the other the 
Endogenous structure, a character of high rank and re¬ 
markable uniformity; the former exhibits reticulated, 
and the latter parallel-veined leaves ; as to the flower, 
the quinary arrangement prevails in the former, and the 
ternary in the latter case. 

We have seen that Flowering and Flowerless plants 
may be distinguished by the presence or absence of the 
embryo ; the same organ considered, not as to its pre¬ 
sence or absence, but in regard to the situation and num¬ 
ber of the cotyledons, also affords means for character¬ 
izing the sub-classes. Thus, all plants which exhibit 
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the Exogenous structure, produce embryos with two op¬ 
posite cotyledons; and all plants with the Endogenous 
sfructure, produce embryos with a single cotyledon, or 
(rarely) with two alternate with each other. We may 
accordingly designate the sub-classes of Flowering 
plants either by the names of Dicotyledonous and 
MoNtHJOTYLEDONous plants, or of Exogenous and 
Endogenous plants, since the characters afforded by 
the embryo and by the structure of^he stem, &.C., 
wholly coincide in the plants they respectively com¬ 
prise. The characters furnished by the cotyledons, 
'however, are not only more difficult to distinguish, but 
are subject to several anomalies alrdhdy mentioned: 
we therefore prefer to designate them by the names of 
Exogenous and Endogenous plants, as proposed by 
De Candolle. • 

As Flowerless plants are destitute t)f embryo, an8 
their organs of reproduction arc exceedingly varied in 
different tribes, we are restricted to the organs of vege¬ 
tation for the characters of sub-classes. We have 
already observed (181) that these plants may be 
arranged in two great groups, in some respects analo¬ 
gous to the Exogenous and Endogenous divisions of 
Flowering plants, viz: 1st, Firro-vascular Flower¬ 
less PLANTS ; and 2d, Cellular Flowerless plants ; 
the former comprising those which in part consist of 
vascular and woody tissue; the latter embracing all 
the lowest forms of vegetable organization, being wholly 
composed of cellular tissue. 

206. For the purpose of presenting at a single view, 
the several peculiarities of the grand divisions of the 
vegetable kingdom mentioned in different parts of this 
work, we give an enumeration of the chief characteris¬ 
tics of the classes and sub-classes, in the form in which 
they are usually drawn up by botanical writers. 

Such an enumeration of the essential distinguishing 
marks of a class, sub-class, or other group, is termed 
the character of the class, &e. 
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Class I—FLOWERING PLANTS. 

Phanerogamous or Phaeogamous plants of Limueus .—Cotyledones 
of Jussieu.—Embryonatese of Richard .—Vasculares (partly) of De 
CandoUe. 

Plants composed of cellular tissue, woody fibre, 
and vessels (14*), provided with a root, stem, and leaves 
(14, 22, 26, 49); the whole invested with a distinct cu¬ 
ticle (15). Flowers essentially consisting of stamens 
and pistils (92), and generally furnished with iioral 
envelopes. SeLds attached to a placenta (137), com¬ 
posed of an embryo, or miniature plant, consisting of a 
rudimentary root and stem (radicle and plumule) and 
one or more cotyledons (174);-the whole enclosed 
Within an integument, and often provided with albumen 
(173); germination taking place at two fixed points, 
vizi the radicle and the plumule (174, 180). 


Sub-class I. 


Exogenous, or Dicotyledonous Plants. 


Dicotyledones of Ju^ncu.—Ezogenee of De CandoUe .—^EzoihuzeeB <(f 
Bkhard. 

Trunk more or less conical (39), generally brahch- 
ing, composed of bark, wood, and pith (33); the bark 
separable from the wood (34); the wood formed of con¬ 
centric layers, enclosing the pith in the centre, and tra¬ 
versed by the medullary rays (35, 36), increasing ijj 
diameter by the deposition of new fibrous and vascular 
tissue between the old wood and the bark (39, 42). 
Root of the^same structure, as the stem, except in 
wanting the pith and spiral vessels (23). Leaves 
either simple or compound (56), articulated with the 
stem (49), their veins branching and reticulated (53). 
Stipules often present. Flowers most commonly 
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exhibiting a quinary (sometimes a quaternary) arrange¬ 
ment of parts (109, 202). Embryo with a naked radi¬ 
cle (180), and two (rarely four.or more) opposite coty¬ 
ledons (175). 


Sub-class II. 

Endooenous, or Monocotyledonous Plants. 


Monocotylcdones of Juasieu .—Kndogenee (partly) of De CmdoUe .— 
EndorhizeiE of Richard . • 

Trunk usually simple and cylindrical (40), (occa¬ 
sionally becoming conical by the development of axil¬ 
lary buds), composed of cellular tissue, m which fibro- 
vascular tissue is imbedded ; the latter not arranged in 
concentric layers; no distinct pith; no medullary rSys; 
no bark separable from the wood, but a smooth adher¬ 
ent rind (33, 40); increase in diameter elTected by the 
deposition of new bundles of vessels and woody fibre 
towards the centre, the oldest and hardest wood being 
accordingly next the circumference (40, 42). Root 
exhibiting the same structure as the stem (23). Leaves 
not articulated with the stem, but decaying without 
falling, mostly alternate (60), parallel-veined (53), en¬ 
tire, or rarely divided, but never truly compound (56). 
Stipules none (62). Flowers mostly exhibiting a 
ternary arrangement of parts (109), the calyx and co¬ 
rolla frequently undistinguishable. Embryo with a sin¬ 
gle cotyledon, or sometimes with a second and smaller 
one alternate with the first (174); the radicle usually 
enclosed in a coleorhiza (180). 


28 * 
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Class II.—FLOWERLESS PLANTS. 

CryptogamouB plants of Linnaus .—Acotylcdones of Jussieu .— 
Exembryonatess of Richard .—Cellulares (partly) of De CandoUe. 

Plants chiefly composed of cellular tissue, iiever 
exhibiting stamens or pistils, and consequently hot pro¬ 
ducing seeds. Sporules not attached to a placenta, 
destitute of embryo, enclosed in cases called theccB, or 
imbedded in the substance of the plant; germination 
occurring at no fixed point, but from any part of the 
sporule (181). * 


Sub-class L 

I <t 

Fibro-vascular Flowerless Plants 

A 

EndogeniECryptosamseo/ De Candolle .—Cellular plants § Ductu- 
lossB of -Amoil .—Cellulares Filicoidcss of LituUey. 

Flowerless plants with leaves and a distinct trunk, 
composed of cellular, woody, and vascular tissue; the 
latter commonly appearing under the form of annular 
ducts. Mode of growth neither Exogenous nor Endo¬ 
genous. Cuticle distinct. 


Sub-class II. 

Cellular Flowerless Plants. 

Cellulares of Da Candolle .—Cellulares IVIuscoideae and Apliyllae of 
JLindley.—Cellular plants § Eductulosse of Jm<dt. 

Flowerless plants wholly composed of cellular 
tissue. Stem-and leaves usually confounded with each 
other, in which case there is no distinct axis of growth. 
Cuticle not distinct 
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The first sub-class of Flowerless plants consists of 
four orders, viz: the Equisetacese (183), the Ferns 
(.184), the Lycopodiaceae (185, and the Marsileaceae 
(186); the second comprises* six orders, viz: the 
Mps.sps (186), the Hepaticae (187), the Characeae (188), 
Hie Lichens (189), the Fungi (190), and the Algae (191). 

The. two sub-classes of Flowering plants each com¬ 
prise auonsiderable number of orders, much too great 
to be enumerated here. * 

207. Primary divisions founded upon the most con¬ 
stant and important characters being thus established, 
'the next step is to subdivide these into orders, or natu¬ 
ral families; which, as we have already remarked, are 
groups of kindred genera, agreeing in certain important 
characters derived indifferently from every part of the 
plant. It must here be observed, that although no great 
difficulty is experienced in dividing the sub-classes into 
orders, nor in properly characterizing these assem¬ 
blages and indicating their mutual alliances; yetitis,ltnd 
probably ever will be, impossible to place them in such 
a series as that each order shall stand between the two 
it most nearly resembles. The obvious reason of this 
is, that each order (as well as every genus, species, 
&,c.) possesses a great number of points of resemblance 
with several others, some of greater and some of less 
importance. It is manifest, however, that in a linear 
arrangement (which must of necessity be adopted in a 
book,) only one or two of these points of agreement 
can Jbe indicated; and, moreover, the relative value of 
the affinites upon which we chiefly depend, is liable to 
be materially affected by the discovery of new plants, 
or the appreciation of new characters. Not uncom¬ 
monly a .family is found to present nearly the same 
degree of relationship with three or fourothers. Thus, 
the Poppy tribe is allied on the one hand to Runun- 
eulaceas, and on the other to Cruciferse; but it has also 
many points of resemblance with the Mandrake tribe 
(Podophyllacea), and with the Water-lily tribe (Nym- 
phmacec^. The Umbelliferous family affords another 
illustration of the kind, being about equally related to 
the Ginseng tribe {AraliacecB), the Saxifrage tribe, and 
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the Ranunculaceae ; three families which, on account of 
their diversities as compared with each other, and the 
close affinities they respectively present to other orders, 
cannot be approximated in any natural arrangement.* 
Botanical writers, accordingly, dispose the o*-<i<>rs 
of each grand division so as to indicate a few of 
their most obvious and important relationship«»tilone, 
and different authors pursue different plans ill this re¬ 
spect ; 3 'et the student will bear in mind that these linear 
arrangements form no part of the natural system itself, 
but are convenient contrivances for facilitating investi¬ 
gation, which may be wholly dispensed with when a 
truly natural method of grouping the orders shall be 
discofvered. This end will perhaps be attained by the 
discovery of some constant characters of structure, 
^tablishing a truly natural subdivision of the Exogenae 
and Endogensc; or by the grouping of allied orders 
into aggregate or compound orders, as proposed by 
Brown,t and happily effected in several instances. 
When this is accomplished, the only practical inconveni¬ 
ence of the natural method will be obviated, and we may 
wholly dispense even with the slight remains of an arti¬ 
ficial arrangement now admitted in our classifications. 

Meanwhile, as divisions subordinate to the sub¬ 
classes were required for practical convenience, Jussieu 
arranged the Dicolyledonous orders in four sections, viz: 
1. Apetalas, 2. Monopetala, 3. Polypetalce, 4. Dicli-nes ; 
respectively comprising, the first those furnished with 
a calyx and destitute of corolla ; the second those v'ith a 
monopetalous corolla; the third those with uncon¬ 
nected petals; and the fourth those with separated, usu¬ 
ally achlamydeous or naked, flowers. These conve¬ 
nient, although in many respects artificial, sections were 
subdivided into those with hypogynous,perigynous,and 
epigynous stamens. The JVlonocotyledonous orders 
were likewise classified bj' the insertion of the stamens; 

- .Mi S ,- - -_____ 


* The sevAdMKnitieg which the orders present among themselves 
mfj beat be MKeated by diagrams and charts of various kinds, as 
by Agardh, De Candolle, &c. 

I “ttempted by Battling, and again quite 

iWidiy by Lindl^ in hie Mixrts Plmtarum ; but neither attempt has 
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while in the Acotyledones (Flowerless plants) on account 
of the small number of families, no such subdivisions 
were necessary. 

De Candolle proposed a somfewhat different distribu¬ 
tion of the orders in the Theorie Elementaire, which 
iS'lidopted with some alteration in his Prodromus, as 
far as y>ublished, and in nearly all recent systematic 
•works, -arranged according to the natural method. It 
■ does not effect so great a subdivision as Ihat of Jussieu, 
and, in fact, differs so little from the latter that the two 
may be very conveniently combined, as has been judi- 
biously done by Mr. Arnott. De Candolle divides the 
Exogense, or Dicotyledonous plants intA: 

I. Thalamiflora.; in which the petals are distinct 

and hypogynous. 

II. Calycifloroe.; in which the petals, whether dis¬ 
tinct or united, are always inserted on the calyx.* 

III. CoTolliflora; or those which have united and 
hypogynous petals, bearing the stamens. • 

IV. Monochlamyda; or those with a simple 
perianth (or none). 

These groups may be subdivided, if necessary, after 
the manner of Jussieu; as also may the Endogenee, or 
Monocotyledonous plants, which De Candolle does not 
subdivide in any way. Lindley proposed to divide the 
latter sub-class into two sections, viz: Petaloidem, 
including all Endogens except Grasses and Sedges; 
and Glumacea, comprising those plants the flowers of 
which are destitute of a proper perianth, having in its 
place’ the imbricated bracteae called glumes, dec. (Jiff. 
62). They may be still farther subdivided into those 
with hypogynous, perigynous, and epigynous stamens; 
it being borne in mind that thes^divisions are in a great 
degree artificial, and may be expected ere long to give 
way to a more natural arrangement. 

208. We are now prepared to indicate the method 
which the unitiated student should pursue.in applying 
the principles of the natural system to the actual study 
of plants. Our end may, perhaps, be best attaiued by 
taking several common plants of different families as 
' examples. The student should, when practicable, fol< 
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low these illustrations with specimens of the plants 
themselves before him, carefully consulting their cha¬ 
racters at each successive step. 

It is also assumed that the student possesses thie 
requisite knowledge of vegetable structure, such as may 
be collected from the preceding chapters of this trea¬ 
tise, or from any similar elementary work; without 
which knowledge neither certainty nor satisfaction is 
attainable in tfie study of plants. The student is like¬ 
wise supposed to be provided with a Flora, or syste¬ 
matic work containing botanical descriptions of plants, 
arranged according to the natural method; cither a 
general system'comprising all known species, or, which 
is more convenient, a local Flora embracing the plants 
of the particular district or country in which he may 
reside.* In works of this kind, c-11 the genera and spe- 

* The only universal Flora arranged according to this method, 
which has as yet advanced to any considerable extent, is the Prodro- 
mua Syatematis JifaturalU Regni Vegetabilis of Dc Candolle. Four 
volumes of this work have been published, comprehending all the 
families (100 in number) up toCompoaitee ; and a fifth, comprising 
that large order, is now daily expected. We may obtain some idea 
of the formidable extent of a general Flora at this day, and of the im¬ 
mense and rapid increase in the number of known plants, from a re¬ 
cent statement of De Candolle, viz: that the number of species in the 
single family Compositm now in his possession, considerably exceeds 
the whole vegetable kingdom as known to Linnaeus. The earliest 
attempt at arranging North American plants in natural orders, was 
.made m 1815 by the late Abbe Correa, who published anonymously, 
and in a pamphlet form, a list of the genera contained in the Catalogue 
of Muhlenberg, arranged according to the natural families of Jussieu. 

The first treatise in this country describing any considerable number 
of plants in which the natural method is adopted, is the elaborate 
dleemnt of the plants coUeeted by Dr. James,in ajmtrney to and from the 
Rocky Mountains, by Professor Torrey. ThisFlorula, as it may be 
called, was published in 1827, in the second volume of the Annals of 
the Lyceum of Natural History, New-York. We have as yet no 
Flora of North America, arranged according to the natural method j 
and the last general work describing the plants of this country is that 
of Pursh, published in the year 1814. A new Flora, adapted 
to the present state of science, and embodying the numerous dis¬ 
coveries of the last twenty years, is therefore greatly needed 
at the present time. It is, perhaps, generally known to the 
cultivators of botany in this country, that Professor Torrey, who 
has BO long and so successfully labored in North American 
botany, and in accumulating tho materials for the purpose, is now' 
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cies of the district they embrace are described and 
arranged under the proper orders and classes. 

209. Let us suppose the student, thus prepared, to 
have before him specimens of fhe common American 
Columbine (found on rocks, in early spring, throughout 
tfi^’ wliole extent of the United States), which he pro’ 
poses to identify by means of the natural method. 

The tkst step iu the investigation is to determine 
•whether the plant under consideration helongs to the 
first or second class—to Flowering or Flowerless plants. 
The presence of flowers, consisting of floral envelopes, 
stamens, and pistils, clearly proves that it belongs to 
the first class. Or, if specimens in fruit be examined, 
the same conclusion is reached by observing regular 
seeds, enclosed in a seed-vessel and attached to a pla¬ 
centa, as in all Flowering plants. 

Flowering plants are found to comprelfend two great* 
groups or sub-classes, distinguished by their difierent 
modes of growth, and also by the structure of the stdii, 
leaves, and embryo of the seed, viz; Ist, Exogenous or 
Dicotyledonous plants; and 2d, Endogenous or Mono- 
cotyledonous plants; the student accordingly proceeds 
to inquire to which ofthese the unknown plant belongs. 
The determination of this point, although appearing to 
require a recondite investigation, is in fact abundantly 
easy; and a just conclusion may be arrived at in several 
difierent ways. The student will, perhaps, first direct his 
attention to the stem, with the view of ascertaining 
whet(|er it present the Exogenous or the Endogenous 
structure. In woody stems, or wherever the growth con¬ 
tinues for more than one season, a bare inspection of a 
slice of the trunk suffices to determine the question. The 
distinction, however, is not obvious in herbaceous stems, 
such as the present instance; yet the presence of pith 


engaged in this formidable undertaking. The work is in such a state 
of forwardness, that the first volume may be expected to appear early 
in the ensuing year. 

It is very desirable that the natural method should hereafter be 
adopted in our local Floras, a class of works extremely useful to botan¬ 
ical students. Dr. Beck’s Flora of the Northern and Middle States, is, 
however, the only work of the kind, in which this method is adopted. 
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(unless it be destroyed by the rapid increase of the 
stem in diameter, thus becoming hollow), and of a sepa¬ 
rable bark, as also the conical shape of the stem, un¬ 
equivocally indicate the Exogenous structure. Being 
aware that all the plants of this division exhibit (Jic.oty- 
ledonous embryos, the student naturally proceeds lo 
test the correctness of his view by dissecting the seed. 
Unless expert, however, in this kind of investigation, 
the student will not effect his object in this case, 
on account of the minuteness of the embryo; neither 
is it of any great practical consequence that he 
should do so, since the end may be attained much more 
readily, and with nearly the same certainty, by other 
means. “In natural history,” as Professor Lindley 
justly observes, “ many facts have been originally dis¬ 
covered by minute and painful research, which, when 
once ascertained, are readily to be detected by some 
more simple process, of which Botany is perhaps the 
most striking proof that can be adduced.” Accord¬ 
ingly, in instances like the present the student finds it 
unnecessary to dissect the seed for the purpose of decid¬ 
ing, to which grand division the plant belongs, since it 
is known that the structure of that organ corresponds 
with a peculiar structure of the stem, leaves, and flow¬ 
ers, the most conspicuous organs of the plant. The 
student therefore directs his attention to the leaves, and 
.observes the mode of veining, having learned that the 
branching of the veins in a reticulated manner indicates 
the Exogenous, and the parallel-veined arrangement, 
the Endogenous structure. The leaves in the plant 
under consideration manifestly exhibit the reticulated 
mode of veining, the ramifications of the veins uniting 
with each other so as to form a fine net-work over the 
whole surface. The plant, therefore, clearly belongs 
to the first sub-class, viz: the Exogenae or Dicotyle- 
dones. 

The next “Step, which is generally the most difficult of 
all to the beginner, is to refer the plant to the proper 
order or natural family. The labor of the student is, 
however, considerably diminished by the more or less 
artificial arrangement of the orders, as already specified. 
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If the work he is consulting adopt the subdivisions pro¬ 
posed by De Candolle, the student finds all the Exoge¬ 
nous families grouped in four sections, viz: the Tha- 
14miflora:, the Calyciflorae, the Corolliflorae, and the 
Monochlarnydese; and he is accordingly required to 
fcc'cide to which of these his plant belongs. 

The first section (Thalamifiorse) is characterized by 
, having a calyx of several sepals, and (usually) a corolla 
. of several distinct petals, which, wheit present, arise 
directly from the receptacle, and do not adhere to the 
.calyx. The stamens are also hypogynous, arising from 
'the common base of the flower, and being wholly un¬ 
connected with the calyx. • 

On examining the plant before him in reference to 
these particulars, the student observes two rows of 
floral envelopes; thp outer consisting of 5 oblong 
scarlet-colored leaflets; and the inntfr of 5 bodies' 
alternate with the former, and somewhat resembling 
them, except in being drawn out at the base into long 
tails or spurs: the outer series is accordingly recog¬ 
nized as the calyx, and the inner as the corolla (109). 
The 5 petals are moreover observed to be distinct, and 
free from the sepals; the numerous stamens, also, arise 
from the receptacle at the base of the ovaries, and are 
unconnected with the calyx; i. e. they are, in botanical 
language, hypogynous. It is therefore evident that the 
plant belongs to the section Thalamiflora; and the 
student may confine his attention to the orders of that 
division. He accordingly proceeds to examine the 
essential characters, or condensed descriptions of the 
several orders, carefully comparing the characteristics 
of each with the plant under consideration, until an 
order is found with the characters of which the plant 
agrees in every essential particular. 

The family Ranunculaceaj (the Crow-foot tribe) is 
commonly placed first. This tribe, the student finds 
to be characterized by having a calyx of seyeral, usually 
5, distinct sepals, and either the same number of petals, 
or twice or three times that number; although the 
latter are occasionally wanting: the flowers of the un¬ 
known plant uniformly present 5 sepals and 5 petals, 
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all distinct and unconnected. The stamens in the 
Crow-foot tribe are distinct and numerous; with ad- 
nate anthers, opening on the outer side: the student 
turning to the flowers under examination, perceives 
them to exhibit 20 or more stamens, provided^ith 
anthers which are attached to the outside of the sum¬ 
mit of the fllaments, and accordingly corresponding in 
these particulars with the characters of the Crow-foot 
tribe. The pistils in that family are usually several in 
number, and apocarpous; the plant under considera¬ 
tion is seen to have 5 unconnected pistils. 

The flowers of the plant having thus been found to 
agree with the Crow-foot tribe, the student proceeds to 
examine the fruit, which in that tribe consists either of 
one-seeded achenia, or of several-seeded follicles ; the 
mature carpels of this plant arc found to be dehiscent 
by the inner suture, along both edges of which several 
seeds are borne; they arc, therefore, follicles. The stu¬ 
dent next examines the seeds themselves, and on cut¬ 
ting them across, observes that their principal bulk 
consists of a firm albumen, having nearly the texture 
of horn when the seed is fully ripe. With the aid of a 
microscope he will perhaps discover the minute em¬ 
bryo, lying in the midst of the albumen close by the 
hilum of the seed. In all these respects the plant 
coincides with the characters of the Crow-foot tribe, 
and the student, therefore, confidently refers it to that 
order. 

The Ranunculacese have herbaceous or climbing 
stems, which contain an acrid or poisonous watery 
juice, never milky as in a nearly related tribe. The 
leaves are alternate, often variously lobed or divided, 
and the petioles are dilated at the base, so as partly to 
clasp the stem: all these peculiarities are presented 
by the plant under consideration. 

The family being thus ascertained, the chief diffi¬ 
culties in the way of attaining a knowledge of the 
plant are surmounted; since the characters of the 
genera are abundantly simple and easy. Much useful 
knowledge is already attained, even if the investigation 
should not be carried further: the student has learned 
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tiiat not only this, but all plants of the family, are unfit 
for the food of men or animals ; the juice being always 
more or less noxious, and in sei'eral cases extremely 
caustic and virulent; whereas; if the student had em¬ 
ployed the artificial system, although the class and 
'i/tder would have been easily ascertained, the diffi¬ 
culties would not be in the least diminished by the 
preceding steps ; and if compelled to stop at this point, 
he will not have attained the smallest portion of avail¬ 
able knowledge. 

Proceeding with the investigation, the student finds 
that his plant belongs to the Hellebore section of 
Ranunculacea;, the plants of which are distinguished 
from others of the family, by having colored and petal¬ 
like sepals, tubular, spurred, or otherwise irregular 
petals, and follicular fruit. This group comprises 
several genera, all more or less resembling the plant 
under consideration ; such as Aconitum, which contains 
the Monk’s-hood, Delphinium, including the Larkspurs, 
Nigella, the Fennel-flower, &c. The student, how¬ 
ever, finds the plant under examination to differ from 
all those genera in the form of the calyx and corolla j 
but to agree in every respect with the characters of a 
remaining genus, viz. Aq.uii.EoiA. 

This genus comprises several species of Columbine; 
and the student therefore proceeds to compare the 
leaves, flowers, &e. of his plant with the characteristic 
description of each species, and thus ascertains it to be ’ 
Aqiiilegia Canadensis, the common wild Columbine 
of North America. 

This method of investigation may appear tedious; 
and in the case of a beginner it necessarily occupies 
considerable time; but when correctly prosecuted, each 
step renders the succeeding ones easier, and the pro¬ 
posed result is attained with certainty. The operation, 
also, is facilitated by each attempt; and when a single 
plant of an order has once been studied in this way, 
the student has necessarily acquired such an amount 
of knowledge respecting the whole order, that he rarely 
meets with any formidable difficulty in the examination 
of other plants of the same family. 
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210. We will suppose the Blood-root to be the next 
subject for examination, and that the student is pro¬ 
vided with specimens both in flower and in fruit, the 
latter being always desirable, whether the artificial or 
natural system be adopted. ^ _ 

The student first enquires, as before, whether tlTc^ 
plant belongs to the Flowering or Flowerless class: 
the presence of flowers or fruit decides this question 
at once in favor of Flowering plants. He next enquires 
whether it belongs to the sub-class Exogense or Endo- 
gena;: passing by other characters, the student ex¬ 
amines the structure of the leaves, as aflbrding the 
most convenient means of arriving at this knowledge, 
and observing the branched and reticulated arrange¬ 
ment of the veins, he confidently refers the plant to the 
first sub class, viz: Exogena;. 

The next step in the investigation is to determine 
the section, or group of orders, to which the plant be¬ 
longs ; and for this purpose the flower is submitted to 
examination. The student observes a single pistil, 
occupying the centre of the flower, surrounded by 24 
stamens; and, recollecting that the position or inser- 
tion of the stamens affords one of the chief distinctions 
of the sections, he remarks that in this, as in the pre¬ 
ceding instance, these organs grow out of the recepta¬ 
cle at the very base of the pistil, and are not in any¬ 
way coherent with the floral envelopesthey are, 
accordingly, in botanical language, hypogynons. The 
student also observes a row of white, regular-shaped, 
unconnected petals, commonly 8, but in some flowers 
12 in number; and remarks that these are also hypogy- 
nous, having the same insertion as the stamens. He 
may at first be puzzled to decide whether the floral 
envelopes consist of a corolla, or a colored calyx; 
having learned that no dependence can be placed upon 
color as an index, and that when only a single whorl 
exists it is cqnsidered to he .a calyx, whatever be its 
color or texture (109). The examination of an unex- 
panded flower obviates this difficulty, the student per- 
i^iting the corolla to be enclosed by a delicate calyx 
of two pieces, which drop off when the flower expands. 



THK NATURAL SYSTEM. 


341 


^ After this examination, it is plain that the plant belongs 
to the section Thalamiftora, distinguished by having 
hypogynous stamens and hypogynous unconnected 
petals. • 

Having thus ascertained the plant to appertain to the 
Same” section with the one first examined, the student 
may next compare the two plants with each other, for 
. the purpose of obtaining a clear idea of the points of 
. difiercuce. They mutually agree, as aljesdy remarked, 
in presenting the Exogenous structure, and in having 
.numerous distinct, hypogynous stamens, and several 
'uncombined hypogynous petals. The Columbine, how¬ 
ever, was found to exhibit 5 sepals a«d 5 petals, the 
former being the most permanent, and often remaining 
a short time after the petals have fallen ; whereas, in the 
present plant, there iirc only two very fugacious {cadu¬ 
cous) sepals, and either 8 or 12 petals* The student 
next compares the stamens of the two plants, and 
although they are about equally numerous, yet sevfiral 
dilferences are observed. Thus, those of the Colum¬ 
bine are commonly about 20 in number; whereas those 
of the present plant arc invariably 24: in the first the 
anthers are adnate, or attached to the filaments by one 
side; in the second the anthers are erect, or fixed by 
one end to the very summit of the filament. The atten¬ 
tion of the student is next directed to the pistils, with 
the view of ascertaining whether the solitary pistil of 
the plant under examination be really simple, or formed ' 
of a single carpel; or whether it be composed of two or 
more carpels in a state of cohesion. This is a point of 
no small consequence, since apocarpous and syncar- 
pous pistils are seldom found in the same family. In 
this case, the ovary is found to present two opposite 
grooves, fndicating either the two sutures of a simple 
carpel, or the junction of two combined carpels. The 
presence of two stigmas proves the latter view to be 
the correct one ; and this.is confirmed, on cutting open 
the ovary, by finding the seeds to be attached along 
both these lines. Inasmuch as a simple pistil has the 
seeds attached to the inner or ventral suture solely, the 
ovary in the present instance is manifestly syncarpous. 
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and composed of two carpels, with the seeds attached 
to parietal placentae. The plant under consideration is 
accordingly found to differ from the Columbine, and 
the whole family to which the latter belongs, in having 
syncarpous instead of apocarpous ovaries. Th^stu¬ 
dent has also remarked a constant difference in the relative 
number of the parts of the flower ; the Columbine ex¬ 
hibiting the quinary arrangement, viz : 5 sepals, 5 pe¬ 
tals, about 20 Stamens (or 4 whorls), and 5 pistils ; 
whereas the present plant has 2 sepals, 8 petals (usual¬ 
ly), 24 stamens, and 2 combined pistils, thus exhibiting 
a quaternary arrangement. 

The student now proceeds to examine the ripened 
ovary, which presents the appearance of an elongated 
capsule, containing numerous seeds. The seeds are so 
large that a raphe is plainly observable without the aid 
of a microscojJte, like a worm lying along one side of 
the seed {Jig. 109, i.), which is thus known to belong 
to the anatropous form. On cutting open the seeds, 
the student observes a copious albumen, which, instead 
of having a horny texture as in the former example, is 
somewhat granular and filled with oil. 

This plant is also remarkable for abounding in a red, 
or deep orange milky juice, from which its popular 
name is derived; whereas the Columbine and all simi¬ 
lar plants are provided with a watery juice. 

The student may contrast the chief characters of the 
present plant with those of a former example, in the 
following manner: 

The Colnmbine has, The Bloodroot has, 

A qumary arrangement of the A quaternary arrangement of the 
floral organs. floral organs. 

Sepals falling with or after the Sepals falling when the flower 
petals. expands. 

JInthers adnate, opening outward- Anthers erect, opening along each 
ly, side. 

Ovaries apocarpous. Ovaries syncarpous. 

Seeds with a horny albumen. Seeds with an oily albumen. 

Stems with an acrid watery juice. Stems with a milky (red) juice. 

From this synoptical view, it will be at once per¬ 
ceived that these two plants cannot belong to the same 
fkmily, although resembling each other in some res- 
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pects; and that the Blood-root, consequently, does not 
belong to the Crow-foot tribe. The student according¬ 
ly proceeds to compare the essential characters of the 
plant with the description of the several orders imme¬ 
diately succeeding the Ranunculacea); and thus he 
readily discovers it to belong to the PapaveracecB 
or Poppy tribe ; an order nearly related to the former 
in many respects, as the student at once perceives ; but 
distinguished chiefly by the caducous *sepals, the syn- 
carpous ovaries, the seeds with oily albumen, and the 
• milky juice ; the identical characters in which the pre- 
’ sent plant essentially difters from the preceding. If the 
student examine the common Poppy, the Prickly Pop¬ 
py {Argemone), and the Celandine {Chelidonium), 
plants of very common occurrence, he will find that they 
all have the above-mentioned characters in common ; 
and accordingly they, with the Blood-loot and a fc^ 
other kinds, compose a single family, called Papave- 
raccEc, or the Poppy tribe, being named from the fiiost 
familiar plant of the order. These are all furnished 
tvith milky juice, which is W'hite in the Poppy and most 
others, although orange in the Celandine, and orange- 
red in the Blood-root, yet it is in all of a narcotic or 
stupifying nature; not acrid and blistering as in the 
Crow-foot tribe. The compound pistil in the true Pop¬ 
pies consists of from four to twenty, and in the Prickly 
Poppy of from four to seven carpels or simple pistils, 
cohering so as to form a single body. The Celandine 
and several other plants of the family, however, have a 
pod formed by the union of two carpels, as in the pre¬ 
sent plant; yet the number of petals, stamens, &c., 
distinguish the latter from those arranged next to it, so 
that the student at once recognizes our plant as belong¬ 
ing to the genus Sanguinaria. Only one species being 
known of this genus, viz: S. Canadensis, no specific 
character is given, the only object of which is to distin¬ 
guish from each other the several specics-of a genus. 

211. It is a common opinion that the principles 
of the natural system, however useful to the skilful bo¬ 
tanist, are too difficult to be practically applied by the 
uninitiated student. It is true that difficulties are to be 
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encountered, although they have, we believe, been very 
much overrated ; yet these diificultics exist in the sci¬ 
ence itself, and arc not attributable to the system, since 
they are inseparable frosn the acquisition of knowledge 
by means of any classification whatever. They must 
accordingly be met and overcome ; and the methoiT now 
proposed is the most direct, the most natural, and by far 
the easiest way of overcoming them. By pursuing 
some other couise the name of an unknown plant may, 
perhaps, be ascertained in a single instance with less 
trouble; but the difficulties, though evaded, are not at all 
diminished, since the same extent of investigation must 
necessarily be gone through before the same amount of 
knowledge can be attained. When the student has 
surmounted these obstacles, and has accurately studied 
any single plant of a family, he afterwards proceeds with 
confidence and certainty, scarcely ever meeting with any 
difficulty whatever, so far as that order is concerned; 
and,, moreover, each successful investigation of the kind 
greatly facilitates every subsequent attempt. In an 
artificial method, on the contrary, the same kind of dif¬ 
ficulties have to be settled in every individual instance, 
while the determination of one genus throws no neces¬ 
sary light upon kindred genera, and consequently the 
progress of the student is slow and uncertain. We 
have, therefire, no hesitation in affirming that the sci¬ 
ence of botany, instead of becoming more and more 
difficult, as some persons suppose, is really of easier 
acquisition than at any former period, notwithstanding 
the immense increase in the number of known plants 
during the last few years. 

Since the most formidable obstacles experienced by a 
beginner in the application of the natural method, arise 
from the difficulty of discriminating the essential cha¬ 
racters of the orders—a difficulty only to be overcome 
by practice—it may not be amiss to adduce several ad¬ 
ditional examples from different families ; which, w'hile 
they indicate the proper method of surmounting these 
obstacles, may also show that they present no serious 
barrier to the progress of the student. We select for 
this purpose a few species of ordinary occurrence, and 
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• beg the student to follow out the investigation in detail 
with specimens of the plants themselves before him. 

Let us take, in the first place, one of the handsomest 
of our vernal plants, commonl;^ known by the name of 
Wild.Pink. The first enquiry is, does the plant bear 
flowers and produce seeds ? This being answered in 
the affirmative, it is known to belong to the first class 
or grand division—that of Flowering plants. The 
■ question next arises: Is the plant Exogenous or Endo* 
genous ? The reticulated veining of the leaves at once 
^decides this point, independently of a central pith, a 
separable bark, and the quinary arrangement of the 
flower. We next ask, has it distinct Vnd hypogynous 
petals and stamens ? This being found to be the case, 
we know that the plant belongs to the section Thalami- 
flora. Having with 'the greatest ease attained to this 
point, we are now prepared to notice th^ chief peculiar¬ 
ities of the principal organs of the plant. We observe 
that the stem is tumid at the joints or nodes ; that *the 
leaves are opposite, with the margins entire or uncut; 
that the flowers consist of 5 sepals united for a great 
part of their length, 5 petals with long claws, and a 
spreading lamina, forming what is called a caryophyllo 
ceous corolla (as in Jig.72, a.), 10 regular,unconnected 
stamens, and a single ovary surmounted with 8 styles. 
If we cut open the ovary by a transverse incision near 
the top, it is observed to be one-celled, although con¬ 
sisting of three portions, and the seeds are borne on a 
central columnar placenta, apparently free from all 
connection with the sides of the ovary. If, however, 
this organ be divided near the base, we observe three 
delicate partitions, stretching across from the walls 
or valves to the spongy central body which bears the 
seeds; and thus the nature of this anomalous struc. 
ture is manifest, as elsewhere explained.* It will be 
, seen that the styles do not bear stigmas on their sum¬ 
mits, as is commonly the egse, but the whole inner sur¬ 
face of each style is stigmatic. 

We next examine the mature ovary, and find that it 


* See page 198, and^;. 80. (f, 
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has become a dry capsule, opening, when fully ripe, 
at the summit by six short teeth. If we proceed to 
examine the seeds, a small microscope will be required, 
by the aid of which wtf observe that they are kidney¬ 
shaped, and thickly beset with elevated dots arranged 
in regular lines, both extremities of which meet in the 
vicinity of the hilum, just as in fig. 109, c. We may 
divide a seed wdth a sharp knife, when, if our micro¬ 
scope be suffifciently powerful, we shall observe the 
same appearance as that represented in fig. 110, d., viz: 
a curved embryo lying in the midst of mealy albumen^ 
both extremities being approximated to the hilum. 
The seeds of oUr plant are thus proved to be campuli- 
tropous, or curved, although this might be safely infer¬ 
red from the shape and external marking without 
dissection. 

' It should hdrc be remarked, that although the ex¬ 
amination of the seed is desirable, and is by no means 
difficult, yet it may be wholly dispensed with by the 
young beginner, since the family of the plant may be 
satisfactorily ascertained without this investigation. 

Let us now exhibit in one view the chief particulars 
in which the plant under consideration differs from 
those previously examined, passing over those of minor 
importance. The principal peculiarities of our plant 
are: 

1. The swollen joints of the stem. 

2. The opposite leaves. 

3. A syncarpous ovary, while the styles are distinct. 

4. The styles being stigmatic on the inner side 
throughout their whole length. 

5. A one-celled capsule, opening by teeth at the 
summit. 

6. A free central placenta, 

7. Campulitropous seeds with mealy albumen. 

From this view, it is abundantly manifest that our 

plant belongs to a distinct order from either of the 
preceding, as its different habit also denotes; and by 
examining the characters of the remaining families of 
the Thalamidorse section, we find that the peculiarities 
just enumerated arc exactly those which distinguish the 
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'CaryophyllacecB or Pink tribe, and no other. We have 
thus arrived at the knowledge of a third tribe, so well 
marked that the student will hereafter scarcely fail to 
recognize, almost at first glancff, all the other plants it 
contains. This family is usually divided into two sec¬ 
tions ; the one, characterized by having distinct sepals, 
includes the Chiekweeds and Sandworts; the other 
has the sepals united into a tube, and the petals fur- 
•nished with long claws, and comprises llie true Pinks, 
the Campions and Catchfly, the Cockle, the Soapwort, 
&c. Our plant evidently belongs to the latter group. 
The genera arc distinguished by very simple and easy 
marks. Thus, the true Pinks and the Soap-wort have 
2 styles, the Cockle has 5 styles, and the genus Silent 
has 3,,titylcs, the petals being moreover crowned with 
an appendage at the summit of the claw: to the latter, 
therefore, our plant evidently belongs. • • 

This genus (Silenb) comprises a large number of 
species, and we accordingly proceed in the usual way, 
comparing our plant with the description of each, and 
thus easily arrive at its specific name, viz: S. Pennsyl- 
vanica. Thus closes the investigation, and the student 
finds that he has not only ascertained the name of the 
plant in the most certain manner, but has likewise 
attained to a knowledge of the structure and general 
appearance of a very interesting tribe. 

We select the Strawberry as the next example, which 
may serve to illustrate a very important family. The 
flowers and leaves immediately show it to be an Exo¬ 
genous plant; and we therefore at once proceed to 
ascertain the section to which it belongs. In general 
habit the plant has a resemblance to several of the 
Crow-foot tribe, but we notice a peculiarity not observed 
in the former examples, viz : both the petals and the 
stamens seem to grow out of the calyx instead of 
.beneath the ovaries. They are, therefore, in botanical 
language, perigynous ; and we thus arrivje at the con¬ 
clusion that the Strawberry belongs to the section 
CalyciflorcB. We are now prepared to search for the 
order to which this plant is referred; and accordingly 
endeavor in the first place to attain a general know- 
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ledge of its structure. The calyx of the Strawberry is 
composed of 5 sepals, united for a part of their length, 
and 5 smaller leaflets forming an outer row adherent 
to the first; the latter may be viewed either as an outer 
calyx or a series of bracts. The corolla consists of 
5 petals, growing out of the side of the calyx, as 
already observed. The stamens are exceedingly 
numerous, and are placed in a crowded ring, around, 
but not beneiith, the pistils. The pistils are also 
numerous, and crowded together in several rows upon 
an enlarged central receptacle. Each pistil consists of 
a small otie-seeded ovary, furnished with a short lateral 
style, which is •>terminated by a minute stigma. We 
have elsewhere adverted to the changes which the pis¬ 
tils of the Strawberry undergo in becoming fruit (143, 
152, 1C4). The receptacle, covered with the nunferous 
carpels, is at first much smaller than the calyx, being 
enclosed by the latter after the petals and stamens have 
fallen. The fleshy receptacle soon begins to swell, and 
to become soft and juicy; its growth continuing until it 
much exceeds the calyx in size, and the minute carpels 
scattered over its surface, having now lost their styles, 
greatly resemble seeds, for which they are usually 
mistaken. They are, however, true fruits (achenia), 
containing a single seed, which may be detected on cut¬ 
ting open the carpels. The Strawberry is, therefore, 
an aggregate fruit (164), and very diflerent from a 
real berry. 

•On cutting open a seed, the embryo is seen to occu¬ 
py the whole cavity, and there is no appearance of 
albumen. If the student is not provided with a micro¬ 
scope, he may examine the seed of the apple instead of 
the Strawberry (both having precisely the same struc¬ 
ture) where the several parts of the embryo are plainly 
distinguishable to the unassisted eye, the radicle lying 
next the hilum, and the two cotyledons occupying the 
chief bulk of the seed. 

The foliage of the Strawberry exhibits no striking 
peculiarity, except in the presence of stipules, which 
are wanting in all the plants previously examined. 
These in the case before us are membranous, and cohe- 
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^rcnt with the base of the leaf-stalk, one on each side. 
The leaves are alternate. 

If the student examine the characters of the .several 
Urders of the section Calyciflora, he will meet with only 
a single tribe which exhibits the essential characters 
j)rcscntcd by the Strawberry, viz: apocarpovs ovaries, 
either one or two seeds destitute of albumen, numerous 
perigynous stamens, a regular calyx and corolla, and 
. alternate leaves, furnished with stipules. These cha¬ 
racters distinguish the Rusacece, or Rose tribe. Having 
.ascertained the family, the student finds no difficulty in 
referring the ])lant to the proper genus and species. 
He also learns that all the jilants (jf the order are 
wholesome (except that the leaves and seeds of several 
contain prussic acid), the fruit always innocent, and 
often used for food. Jfle may therefore partake, with¬ 
out hesitation, of the fruit of any unkimwn plant pre-, 
senting the characters just mentioned. The study of 
this plant has, moreover, enabled the student to under¬ 
stand the numerous allied plants; such as the Barren 
Strawberry, Cinquefoils (Potcntilla), which essentially 
differ from the Strawberry in having a hard and dry, 
instead of a swollen and pulpy receptacle, and the 
Avens {(ievm), which differ from Cinquefoils only in 
the styles remaining on the carpels and becoming long 
tails. The Raspberry and Blackberry ( Ruhvs) are also 
recognized as members of the same tribe, botanically 
differing from the Strawberry chiefly in the carpels bet 
coming .juicy, while the receptacle remains dry. The 
rccettlacie'’ is convex in all these examples, but the Rose 
exhibits another modification of a highly interesting 
nature, as viewed in connexion with the plant just ex¬ 
amined. In that genus the receptacle is hollow, form¬ 
ing a couqilete thin lining to the urn-shaped tube of the 
calyx {fig. 81, a, c), and the numerous ono-seeded ova¬ 
ries are attached to the whole concave surface. The 
student accordingly perceives that the structure of the 
Rose is essentially the same as that of the Strawberry, 
Raspberry, &c., and that it merely forms another genus 
of the same tribe. 


30 
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From this point the student may advantageously ex 
tend his enquiries to the Apple and Pear, the flowers o 
which are in no way different from other Rosaceou 
plants, except in havip-g much fewer styles. In these 
however, the ovaries are perfectly enclosed by th 
thickened calyx, so as to be called in botanical Ian 
guage inferior, and also slightly cohere with eacl 
other in the centre, forming a kind of syncarpous fruit 
Each carpel contains one or two seeds, like those of tin 
Rose tribe, except that when two are present they stam 
side by side, and not one above the other. On accoun 
of these differences the Apple, Pear, &c., are consi 
dered to form a separate group, called Pomaccic, differ 
ing, however, too little from the Rose tribe proper tc 
constitute more than a sub-order. 

The student should next examine the Cherry, Plum, 
-and Peach, in which he will recognize a group of plants 
nearly allied to the Rosaceaj. The flowers arc similar 
to J^hose of the Rose tribe, except that there is a solitary 
(superior) pistil, which in fruit becomes a drvpe. These 
plants accordingly seem to form another section of the 
same order, the difference in the fruit not being of itscll 
sufficient to separate them ; but they at the same time 
exhibit an important peculiarity in their sensible quali¬ 
ties. Instead of being perfectly wholesome, the bark, 
leaves, and seeds of all those plants contain a quantity 
of prussic acid, which is well known in a concentrated 
state to be one of the most violent poisons. Although 
the odor of this substance is perceptible in the whole 
group, yet it does not exist in sufficient quantity tu pro¬ 
duce deleterious effects, except in the Cherry-laurel 
{Prunus Lauro-Cerasus), and the Evergreen Cherry of 
the Southern States {P. Caroliuiana), the leaves of 
which are very poisonous, and, as observed by Elliott, 
“ frequently in the spring of the year destroy cattle that 
are tempted to browse freely on them.” On this ac¬ 
count these plants are sometimes considered to form a 
separate family, under the name of the Amygdalea, or 
Peach tribe. 

Did our limits allow, we might profitably introduce a 
great number of examples, illustrating the method to be 
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pursued by the student, and showing at the same time 
how the study of a single plant leads directly to a know¬ 
ledge of the structure and properties of a whole tribe. 
Since, however, we can only adduce a single additional 
instance, we choose a plant of very different structure 
from those heretofore considered, viz; the Common 
Iris, or Blue Flag. 

Tlie plants already examined, although belonging to 
several diflerent families, all agree in having branching 
stems, leaves with reticulated veins, jointed with the 
.stem so tliat they are thrown off at certain seasons, and 
flowers with the parts in fours or fives ; by which cha¬ 
racters they are known to belong to tli# Exogenous or 
Dicotyledonous division, even without dissecting the 
seed or examining tlic structure of the stem. 

Tlio plant now considered isdiflercntly constituted in 
these respects ; the leaves being parallel-veined, clasp-, 
ing the stem at the base, and never separating by an ar¬ 
ticulation, but decaying when old on the stem ; the ptyts 
of the flower, moreover, exhibit the ternary arrange¬ 
ment. It is therefore clear, without further investiga¬ 
tion, that the plant is Endogenous; the order is accord¬ 
ingly to be sought after in the second sub-class of Flow¬ 
ering plants, viz : the Endogence or Monocotyledones. 

Tlic Endogens are sometimes divided into such as 
are furnished with a calyx or corolla {PetaloidecB), and 
those destitute of a proper perianth, but furnished with 
glumes, &c. (Glumacem). The Iris is of course refer-! 
red to the first of these divisions, which some authors 
subdivide into three sections, viz; those with hypogy- 
nous stamens, those with perigynous stamens, and 
those with epigynous stamens. In our plant, the tubu¬ 
lar perianth appears to grow out of the summit of 
the ovary; the latter is consequently inferior; and 
the three stamens, concealed by the broad petal-like 
stigmas so as almost to escape our notice, have the same 
origin. The plant, therefore, belongs to the last-named 
subdivision. By examining the several fatflilies brought 
together by the character of epigynous stamens, we shall 
experience little difficulty in ascertaining that to which 
our plant belongs. The Orchis tribe is known from all 
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Others by a peculiar irregular perianth, gynandrous sta*. 
mens, and parietal placentae,—a structure wholly diflcr- 
ent from our plant, which presents a nearly regular peri¬ 
anth, distinct and unconnected stamens, and j)lacenta3 in 
the axis of the ovary. The (linger tribe (Scitaminece) 
and the Arrow-root tribe (Marantacea) arc excluded by 
having solitary stamens and a one-seeded fruit, to say 
nothing of other characters; whereas our plant has 
three perfect stamens, and a three-celled, rnany-sceded 
ovary. On examining the stamens of the plant under 
consideration, we observe the long anthers to be 
attached by their entire length to the outside of the fila¬ 
ments, and accoJ'dingly to face outwardly, or front, the 
style. They are seen to open in the usual manner by 
two parallel lines throughout their whole length, and 
arc observed to be placed opposite the outer segments 
pf the perianth {i. e. the sepals). Now the Dioscori- 
nea:, the Hypoxideae, the Ha^modoracea', and Amaryl- 
lidfia* (the latter agreeing with our plant in many 
points) have, for the most part, six stamens, all facing 
inwardly, or toward the styles. The Iris can, therefore, 
belong to none of these families. A remaining small 
order, the Burmanniea;, agrees in several respects with 
our plant, and in the number of the stamens ; but these 
are situated opposite the inner segments of the perianth 
(corolla), and, moreover, the anthers open by a trans¬ 
verse line. By thus following a negative analytic 
method, we have excluded all the Endogenous families 
of any consequence, save one, viz : the Iridece ; and if 
the characters of that tribe are exhibited by the plant 
under consideration, we shall have attained our object. 
We find this to be the case, the Iris tribe being essen¬ 
tially distinguished from kindred families by a tubular, 
six-parted perianth, three stamens, with the anthers 
turned outwards and oj->ening longitudinally, an infe¬ 
rior, three-celled ovary, dilated stigmas, and a many- 
seeded capsule, withloculicidal dehiscence; all of which 
characters are presented by our plant. The leaves in 
that tribe are described as two-ranked and equitant, or 
erect; and the flowers are provided with spathaceous 
bracts. These peculiarities are also observed in our 
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plant, rendering it, therefore, certain, from positive as 
well as negative analysis, that it belongs to the Iris 
tribe. The investigation need not be further pursued, 
since, after the order is found, the determination of the 
genus and species is effected in the usual way. 

The'mode we have indicated in our last examination 
maybe at all times advantageously adopted by the stu¬ 
dent; since by first rejecting, by means of a few obvi¬ 
ous characters, a great part of the orders comprised in 
the section, the task of discriminating between the few 
.remaining families is rendered comparatively easy. 

212. If these cursory illustrations have succeeded in 
showing the ready applicability of the natural method 
to the study of plants, we have effected our object, 
since even those who arc not convinced of its practi¬ 
cability readily admit the many and great advantages 
derivable from its adoption. Some, .however, whci 
allow that the study of natural affinities forms the true 
ultimate object of botanical science; yet neverthejess 
conceive it neither ])racticable, nor indeed desirable, to 
inculcate these principles upon the young student, 
whom they recommend in the first place to study plants 
by means of the artificial system of Linnanis, as form¬ 
ing, in their opinion, a proper introduction to the 
natural method, which may be wholly adopted when 
the student shall have attained to a sufficient degree of 
advancement. 

If the artificial system were in its nature ii^troduc- 
tory to the study of natural affinities, then, indeed, its 
iillegfed simplicity of application might render this 
course advisable : but inasmuch as the ulterior object 
of the student is in no wise promoted by such prepara¬ 
tory study, it will be at once seen that much time is 
wasted in acquiring mere technical learning to be 
eventually abandoned, while the real knowledge inci¬ 
dentally gained in his progress might be acquired 
much more easily, satisfaptorily, and expeditiously, had 
the study of the natural method been commenced in 
the first instance. We contend, moreover, that, so far 
fiom facilitating his future progress, the student is in 
fact retarded by commencing with the study of the 
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artificial system; since he is thereby insensibly led to 
associate in his mind plants having no natural alliance, 
and falsely to estimate the value of characters. 

The great number of.familics of which the vegetable 
kingdom is composed, induces some persons to imagine 
that the study of plants upon the natural sysle'm can¬ 
not be advantageously prosecuted without an ac¬ 
quaintance W'ith a very large number of vegetable 
forms. It is tr^ie that between two and three hundred 
difibrent orders are now admitted in our methodical 
arrangements, and it is equally true that a general 
acquaintance with the diversities of structure they ex¬ 
hibit is necessarily attained by the erudite systematic 
botanist. The catalogue of natural orders subjoined 
to this work will, however, show the student that such 
extensive acquirements are by no means requisite for 
satisfactorily studying, and even for making extensive 
progress in the botany of this or any other country. 
Although about two-thirds of the known orders have 
representatives in North America, yet the principal 
part of our vegetation is comprised within a very mo¬ 
derate number of families. No less than thirteen six¬ 
teenths of all the Floweiing plants of North America, 
so far as at present determined, belong to 35 orders ; 
and nine orders comprise about half of the whole num¬ 
ber ! It is therefore manifest that an acquaintance 
with a few important and well-known tribes, such as 
the Compositae, the Grasses and Sedges, the Pea tribe, 
the Cruciferae, the Rose tribe, the Umbelliferae, the Pink 
tribe, &c., offers the key to the knowledge of nearly 
all our plants. The student will more fully apprehend 
the facilities afforded by the natural method, when he 
is reminded that a careful and thorough study of even 
a single plant in the principal divisions of each order 
leads directly and certainly to a general knowledge of 
the structure, habit, uses, and sensible properties of the 
whole. 
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• Sect. IV. Of Botanical Nomenclature. 

. 213. The earliest botanical writers usually adopted 
the names by which the plants they described were 
lcnow>-in Greece and Italy ; but the great increase in 
the number of jdants entirely unknown to the ancients 
soon rendered this plan wholly insufficient. Each 
s])ccies - was at first designated by ^n independent 
name; and thus many of our generic names originated, 
such as Platanus, under which the Plane-tree is men¬ 
tioned by Dioscoridcs, and Lactuca, employed by 
Pliny to designate the Lettuce. 

The continual discovery of new plSnts, however, at 
length rendered this method Impracticable, on account 
of the prodigious number of names required to give 
each plant a distinct’ epithet; and, moreover, it offers 
no way of expressing the mutual alliances of plants* 
Accordingly, when a new plant was discovered re¬ 
sembling sonic well-known species, it was called Sno* 
ther kind, or a second genus of such plant; and some¬ 
times the points of difference were expre.ssed by the 
name applied to the new plant; in this way arose such 
names as Geranium minus, Anagallis cieruleo flore, 
&c. As the number of species increased, these names 
were necessarily made longer, so as to comprise the 
distinguishing marks of each species. Thus, in desig¬ 
nating the several species of Ranunculus, the common 
Crow-foot was termed Ranunculus pratensis erectus 
acria; another species (R. scelcratus) was named R. 
sccunda species; a third (R. repens) was called R. 
repeals jlore Ivtco simplici; and a fourth (R. abortivus) 
R. foliis radicalibtcs reniformihus crenatis petiolatis, 
caulinis .paucis digitatis sessilibus. The more the 
number of species increased, the longer did these 
names become; in some instances consisting of as 
many as 15 or 20 words. Thus, a species of Monarda 
was known by the name df Clinopodium cungustifolium 
non ramosum, flore cceruleo ; labio trifldo atro purpu- 
reis maculis ornato. These tedious phrases, which 
were necessarily repeated every time a known plant 



356 


PRINCIPLES OF CLASSIFICATION. 


was designated in conversation or in writing, must have 
formed a serious obstacle to the progress of the science, 
until the adoption of the Linnajari nomenclature. Lin¬ 
naeus proposed that th« name of every plant should 
consist of two words; one designating the genus, 
the other the species. The first is termed the generic 
name, and is always a substantive; the second is the 
specific name, and is usually an adjective. 

Linnaeus framed a system of rules respecting (he ap¬ 
plication of these names, which are for the most part 
followed by all succeeding botanists. The most im¬ 
portant of these arc the following. 

1. Generic an.d specific names must be of Greek or 
Latin derivation, and should always be written in 
Latin.—This rule, however, was occasionally departed 
from in the time of Linnmus, as well as by many suc¬ 
ceeding writers, Thus Thca and Coffcea, both adopted 
by Linmeus, are formed by latinizing the barbarous 
nauies of these plants: and botanists now incline to 
introduce many instances of this kind, when the ver¬ 
nacular name is harmonious, and easily reconcilable 
with the Latin tongue. Thus we have Nclumbium 
from the popular name Nelurnbo, Bambvsa for the 
Bamboo, &c. Specific names arc not unfrequcntly 
drawn from the same source. 

2. No names compounded of both Greek and Latin, 
can be on any account admitted. 

3. The best generic names are those that indicate 
some obvious peculiarity of the genus; either as to the 
situations in which it grows, as Arenaria, a plant' that 
inhabits sandy jdaccs; or such as mark the botanical 
characters ; as Streplopus of Michaux, applied to a 
plant the peduncles of which are bent in a remarkable 
manner; Hemianthus of Nuttall, applied to a plant 
whose corolla is apparently cleft or halved ; and Ma- 
crantliera of Torrey, to designate a genus distinguished 
by the remarkably long stamens. 

4. Genera are sometimes dedicated to persons who 
have distinguished themselves in the science; thus 
Muhlenberps’ia, Elliottia, Schweinitzia, Balduina, Nut- 
faZZiffl, and ParliBg-foniff, commemorate several botanists 
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.of our own country, Plants, however, should never be 
named after ])ersons who have not in any way contri¬ 
buted to the advance of natural history; such honors are 
justly considered as the greatest that can be conferred 
upon a naturalist; “they are the only reward he can 
expect, and are intended for him alone.” 

5. Generic names previously employed in zoology, 
should not be employed in botany; hence Cristatella 
■ of Nuttall is objectionable. This rule, hhwever, is little 
regarded at the present day. 

(). A generic name nearly approaching that of any 
ohler genus in sound, should be avoided. 

7. A few generic names have been formed by trans¬ 
posing the letters of a well-known allied genus. Ex. 
TcUima of Brown; an anagram on Mitclla; but this 
practice is not commfndal)le. 

8. Specific namc.s are formed on similar principles* 
to those of genera ; only that more latitude is allowed in 
many respects. They arc commonly framed to expuess 
some distinguishing mark of a species, or some striking 
peculiarity in appearance, or to denote the station in 
which the plant naturally grows. Viola palmata, and 
fuhcscens are examples of the first kind, V.hla'ndaani 
dehilis of the second, and V. palustris of the third. 
Comparative appellations are often employed, either 
such as Viola primnlcefolia, Qurrcun olivafnrmis, 
Comptonia asplenifolia, c^J-c., or to indicate a general 
resemblance, as Hypericum ascyroides, Ascyrum 
liypericoides, &c. 

9. Many specific names are derived from the country 
the plant inhabits; indeed a large proportion of 
North American plants bear the names of Viginiana, 
Canadensis, and Americana. Such names, however, 
are not often appropriate. Thus, Prunvs Virginiana 
abounds throughout the whole of North America; 
P. Americana has no stronger claim to its specific 
name than twenty other species ; while Agrostis Vir- 
ginica grows wild in every warm climate! Names of 
this kind should always commence with a capital 
letter. 
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10. Specific names, also, arc often bestowed in honorof_ 
botanists ; such names should always commence with a 
capital letter. When a species is named after its disco¬ 
verer or describer, the name must be a substantive in the 
genitive singular; as Macranthera LeContii, Viola Muh- 
Icnhergii, &c. When, however, the name is given in 
compliment to a botanist, the adjective form is assum¬ 
ed ; as Ilahcnaria Hookeriana, CEnothcra Lindleyana, 
Rhynchospora Torreyana, &c 

11. Species arc sometimes designated by substantive 
names, especially when such name has once been genc- 
rically applied to the plant by older botanists. In surh 
cases the spccifie name retains its own gender and ter¬ 
mination, and must begin with a capital letter. Ex. 
Tussilago Farfara, Ranunculus Flammula, Hyperi¬ 
cum Sarothra. 

■■ 12. Very long and uncouth names are as far as pos¬ 
sible to be avoided. 

IS. The names first published, whether of genera or 
species, are always to be adopted, even in preference 
to much better ones, unless the former are absolutely 
in contradiction to universally received rules. In fram¬ 
ing new names, however, it is desirable that all the 
canons of Linnaeus should be observed. 

14. Varieties are usually indicated by the letters of 
the Greek alphabet; when quite constant and distinct 
they also receive names similar to those of species. 
Ex. Viola pubescens /3. criocarpa. Names, however, 
should not be bestowed upon varieties except their 
characters are nearly as constant as those of the 
species. 

15. Names of orders sometimes express the gene¬ 
ral or characteristic features of a tribe; as Umbellijer<t, 
Cruciferce, Leguminosa. More commonly, ‘however, 
some genus is selected as the type of the family, and 
the name derived from it; as Rosacem for the Rose 
tribe; Violacea for the Violet tribe, &c. The name 
of the genus thus adopted is made into an adjective, 
and its termination prolonged into acecB or inca: as 
Malva, Malvaceae, Acer, Acerineae. Sub-orders, and 
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• sections of families are designated by changing the name 
of the princij)al genus of the group into an adjective 
without prolongation, being thus distinguished from 
those of orders. Ex. Rosa, Sub-order Rosea;, Order 
Rosace'S,. — Ranunculus, Ranunculece, Ranunculacem. 
Many names, however, are allowed to stand, although 
not in precise accordance with these rules. 
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CHAPTER VII. 

GLOSSOLOGY. 

214. In all the Natural Sciences it is necessary to 
express,' with the greatest possible brevity and preci¬ 
sion, a large number of ideas wholly unknown without 
the domain of fhesc sciences, and altogether beyond the 
resources of ordinary language. In order that accura¬ 
cy and uniformity may be attained in describing natu¬ 
ral objects, and that the language of scientific writers 
may be exactly comprehended, all technical terms 
should be formed in accordance with general princi¬ 
ples, and these, as well as all ordinary words employed 
in a restricted sense, should be fully explained in ele¬ 
mentary works. 

That branch of the science of Botany which furnish¬ 
es* definitions of the names apjilicd to the different 
parts or organs of plants, and also to their various 
modifications, is called Glossology* 

The names applied to organs are, of course, always 
substantives; consisting either of words in ordinary 
use, such as leaf, flower, ^c., or of words created by bo¬ 
tanists, as anther, pistil, pericarp, &c. The epithets 
or terms employed to designate the diversities of figure, 
texture, arrangement, &c., which the different organs 
present, are adjectives. The former were, however, 
given when the organs wore themselves cornsidered ; 
and at the same time we have also noticed the several 
terms applicable to each organ exclusively, and not to 
plants or their several parts generally. None of these 
will be repeated in the present chapter; in which we 
have only to define the characteristic terms used in bo¬ 
tany without reference to any particular organ. We 
also omit all terms used in botany just as in their ordi¬ 
nary acceptation. 

We employ the arrangement adopted by Prof Lind- 
lej’, considering it on the whole preferable to any we 

• Linnaeus employed the word Terrnirioloify, which is objectiona- 
blc because compounded of a Greek and a Lutla word. 
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have hitherto met with. The following is a synoptical 
view of this arrangement. 

CHARACTERISTIC TERM§ are either Individual 
*" or Collective ; the first applying to plants or 
thelis parts taken singly ; the second to plants or 
their parts considered in masses. 

characteristic individual terms arp either abso- 

■ LUTE or RELATIVE. 

XIHARACTERISTIC INDIVIDUAL ABSOLUTE TERMS re¬ 
late to; 

1. Figure. 

A. with respect to genera] form. 

B, “ ' outline. 

i'. “ • the apex or point. 

2. Division. 

A. with respect to the margin. 

B. “ incision. 

C. “ composition or ramification. 

3. Surface. 

A. with respect to marking or evenness. 

B. “ appendages. 

C. “ polish. 

4. Texture. 

5. Size. 

6. Duration. 

7. Color. 

8. VaTjegation. 

9. Veining. 

CHARACTERISTIC INDIVIDUAL RELATIVE TERMS COM¬ 
PREHEND ; 

1. Direction. 

2. Insertion. 

A. with respect to the mode of attaehment. 

B. “ • situation. 

CHARACTERISTIC COLLECTIVE TERMS RELATE TO J 

1. Arrangement. 

2. Number. 


31 
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To the foregoing are added, 1st., Terms of qualifica^ 
tion, consisting of syllables which, prefixed or an¬ 
nexed to a known terra, modify or change its meaning; 
and, 2d., the Signs, or marks, used to express particular 
qualities or properties. 

The mark (t|) which is prefixed to several Terms in 
the ensuing enumeration, indicates that they are of un¬ 
common occurrence in botanical writings. 

I. Of Individual Terms. 

I. Of Individual Absolute Terms. 

1. As to Figure. 

A. With respect to general form. 

'Conical; having the figure of a cone, as the root of the 
Carrot (fig. 16.). 

\r'yramidal, or pyramid-shaped, is sometimes used in 
the same sense as conical. 

Cono/daZ; approacliing to a conical figure. 

Turbinate, or top-shaped ; inversely conical ; as the 
disk of Nchirtibium. 

Pyriform, or pear-shaped; slender and elongated, gra¬ 
dually thickening towards the summit; as the ova¬ 
ry of CEnothcra biennis, (Stc. 

Globose (spherical) ; forming nearly a true spliere. 
Spheroidal; spherical and somewhat flattened at each 
end. 

Ovoidal, or ovoid ; egg-shaped. 

Lenticular; having the figuie of .adoubic convex lens. 
Napiform, or turnip-shaped (page 30. fig. 18.). 
Fusiform, or spindle-shaped ; cylindrical, tapering 
gradually to each end, as the radi.sh (fig. 17.). Some¬ 
times, but improperly, confounded with conical. 
Terete; the opposite of angular; usually applied to 
long bodies. 

Cylindrical; terete, and of the same diamelcr through¬ 
out; as the stems of most Endogens. 
ICylindraceous ; very nearly cylindrical. 

Filiform; cylindrical and as fine as a thread. 
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Capillary ; cylindrical and as fine as a hair. 

Tubular; nearly cylindrical and hollow; as the calyx 
of Pinks. 

. 'Fistulous ; a hollow body closed at each end ; as the 
leaves and stems of the Onion. 

Prismaitc, or prism-shaped ; having several angles and 
intermediate flat faces. Fx. the Calyx of Mimu- 
1ns. 


• Trilateral or triedral; a prismatic body of 3 sides or 
angles. 

• Quadrilateral or ietraedral, of 4 sides or angles, &c. 

Trisrnuous, or three-cornered; ? i 

1 I J have the same 
letragonous, or lour-corncred, <vc.; 

application as the preceding, being applied to bo¬ 
dies with longitudinal angles and plane faces. 
Triquetrous, or tlire^i-edged, having three acute angles 
with intermediate concave faces. Fx. Scirjnis tri-, 
quetcr. Often confounded with the preceding terms, 
and also with triangular. , 

Triangular; expresses a three-angled body without 
any reference to the form of the intermediate sur¬ 
faces : it is also applied to the outline of an expanded 
surface. (See Outline.)—A greater number of an¬ 
gles or sides is expressed by the proper numerals, 
applied in accordance with the same rules. 
Compressed; a solid flattened lengthwise; as the pod 
of a Pea. 


Depressed; flattened vertically; as the fruit of Mallow-, 
Oynoglossum, &c. 

Ancipttal, or two-edged; compressed with two sharp 
edges, as the stem of Sisj'rinchium. 

Carinate, or keeled; furnished with a projecting ridge 
like the keel of a boat, and usually also concave on 
the ujiper surface. Ex. the leaves of Hemerocallis 
or Day-lily, and the glumes of Dactylis glomerata. 
From this, boat-shaped (navicularis, cymbiformis) 
scarcely differs. 

Canaliculate, or channelled ; long and ccracave, as the 
leaves of Spiderwort. 

Gibbous ; presenting a strong convexity. 

Plane ; presenting two flat and even surfaces as most 
leaves. 
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IPuhnnate, or cushioned ; conx'ex and rather flattened. 

\Salre-shaped (acinaciformis); as the leaves of Me- 
sembryanthemum acinacifonne. 

\Axe-shapcd (dolahrifozmis) ; as the leaves of Mesetn- 
bryaiithcninni dolabriforme. 

II Tongue-shaped {linguiformis) ; long, fleshobtuse, 
and slightly convex; as the leaves of Seinpervivuin 
tectorum. 

Torosc, or knobby; a cylindrical body with an uneven 
surface, as the pod of Chelidonium. 

Torulose; slightly torose. 

Moniliform, or necklace-shaped ; cylindrical and con¬ 
tracted at regular intervals ; as the hairs on the 
filaments of Spiderwort (fig. 14, J. and fig. V7, e.). 

Cristate, or crested; furnished with a ridge, resembling 
the crest of a helmet, or ol a Cock. Ex. Iris cris- 
tata, plicala, &c. 

Alatc, or winged; furnished with a broad and thin 
, margin; as the seeds of Bignonia, the fruit of Di- 
oscorca, the petiole of Rhus Copallina (fig. 51, 
h.), and the stem of Lathyrus latifolius, &c. 

FluheUiforni, or fan-shaped ; plaited like a fan. Ex. 
the leaves of the Palmetto. 

Labiate (or bilabiate); two-lipped with an open throat, 
as in fig. 71, h. and 72, e. 

Ringent (personate), bilabiate with the throat closed, 
as in Snapdragon (fig. 72. /.).—This, as well as 
the preceding term, is applicable only to the calyx 
and corolla, which sec. 

Rotate, or wheel-shaped; is applied to an organ with 
a very short tube and a spreading border. Ex. 
the corolla of Veronica and Calium. 

Hypocrateriform, or salver-shaped ; wheel-shaped with 
a long tube ( fig. 72, 6.), as the corolla of Phlox. 

Infundibuliform, or funnel-shaped; as the corolla of 
Convolvulus (fig. 72, d.).—See page 182. 

Trumpet-shaped; tubular, suddenly spreading at one 
extremity like the mouth of a trumpet. Ex. the 
corolla of Bignonia. 

Campanulate, or bell-shaped; as in the corolla of 
Campanula (fig. 72, e.).— See page 182. 
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TIrceolatc, or pilcher-shaped; campanulate but nar¬ 
rowed at the orifice; as the calyx of Kosa, the 
corolla of Vaccinium corymbosuni, &c. 

Cy,athiform, or cup-shaped; tujrbinatc and hollow; as 
the calyx of Molucella ]a;vis of g-nrdens. 

Umhrellurehapcd ; resembling an expanded umbrella ; 
as the stigma of the Poj)py and Sarraccnia. 

Cucullatc, or hooded ; a plane body, the apex or sides 
of which are rolled inwards, as •the spathe of 
Arum, the leaves of Viola cucullata, &c. 

.Turgid; slightly swelling. 

Vcntricosc; swelling unequally on one side; as the 
corolla of Bignonia, the sced-vesjcl of Asclepias 
Syriaca, &c. 

Inflated, or bladdery; thin, membranaceous, and equally 
swelling, as if inflated with air. Ex. the calyx of 
Silene stcllata, the lower petal of«Cypripedium,, 
and the seed-vessel of Staphylea. 

Regular; when all the parts of a series arc sy,m- 
metrical. 

Irregular; when the symmetry of an organ is des¬ 
troyed by the inequality of its parts; as the corolla 
of the Violet, of Cypripedium, and of all Labiate 
plants. 

Normal; when the ordinary structure of a genus or 
family is not departed from. 

Abnormal; when some departure from the usual struc¬ 
ture takes place. Thus, the norntal structure of 
Flowering plants is to have the stamens equal to, 
oi-*some multiple of the number of the se])als or 
petals. Scrophularineous plants, however, ex¬ 
hibit 4 stamens, with a live-pctalled corolla and a 
five-sepalled calyx ; their structure is therefore ab- 
norma"! as compared with the type of Exogenac. 
The normal structure of Scrophularinese is to have 
4 didynamous stamens, but Pentstemon has a fifth 
sterile stamen, and Vgrbascum presents 5 stamens 
of nearly equal length. These two 'genera are, 
therefore, abnormal members of the order Scro- 
phularincas. 

31 * 
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B. With respect to outline, or circumscription : 
i. c. the figure represented by the margin of a body. 

Linear; straight and narrow, with the two opposite' 
margins parallel; as the leaves of manyX.irasscs 
&c.—f/g-. 41, a.). 

Ligulate, \\lorate, or strap-shaped; linear and consi¬ 
derably elongated. 

Lanceolate; narrowly oblong, and tapering to each 
end. 

Oblong; obtuse at each end, and twice or three times 
longer than^broad, with an elliptical circumscrip¬ 
tion t^fig. 41, h.). 

Oval (elliptical); shorter than oblong in proportion 
to the breadth, the margin representing a regular 
ellipse, thcj,two ends ta])ering equally. 

Ovate ; similar to oval or oblong, except that the lower 
_ end is broadest, so as to resemble the longitudinal 
section of an egg {fg- 41. c.). 

Orbicular; with a circular outline, as the leaves of 
Habenaria orbiculata, and Hydrocotyle umbcllata 
{fig. 52, d.). 

Roundish (rotundus, suhrotvndus) ; approaching the 
orbicular form, as the leaves of Beupleurum ro- 
tundifolium. 

Spatulate ; oblong, or obversely ovate, with the lower 
end much attenuated (fig. 46, h.). 

Cuneiform, '^cuncate, or wedge-shaped; broad and 
obtuse at the summit, regularly tapering nei*rly to 
a point at the base. Lx. the leaflets of Coinarop- 
sis fragarioides. 

Subulate, or awl-shaped; linear and very narrow, regu¬ 
larly tapering from a broadish base to a very fine 
apex ; as the leaves of Salsola Kali. 

Acicular, \\accrose, or needle-shaped ; linear and very 
narrow, tapering into a fine point from a narrow 
base; as the leaves of Juniperus communis. 

Setaceous, or bristle-shaped; nearly the same as the 
preceding, but not so sharp-pointed. 

Ensiform (Wgladiate), or sword-shaped; is applied to 
erect, linear or band-shaped, nearly straight leaves 
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having slightly convex surfaces, neither of which 
can be called upper or under, the apex being acute. 
Ex. the leaves of most species of Iris. 

FffJcate; linear or any elongated form, more or less 
curved like a scythe or sickle, with the edges 
parayd ; as the leaves of Salix falcata, and the 
pods of Arabis Canadensis. 

Rhomboid; oval, a little angular in the middle, thus 
approaching the form of a rhomb^ as the leaves 
of Trilium ercctum. 

. Delloid; a body exhibiting a triangular outline with 
plane faces, like the Creek .i. 'i'he term, as de¬ 
fined by Linnaius, is applicable t(j the outline of a 
flat leaf; but for its illustration he refers to a tri¬ 
angular solid leaf with plane faces: so in most 
succeeding authpis the term is applied to a solid 
body a transverse section of wliich exhibits ai| 
equilateral triangular outline.—The term trian¬ 
gular, it should also be observed, though generally 
used to express a solid body, is sometimes applied 
to the outline of a leaf. Ex. (.Ihenopodium Bonus 
Henricus.—The term trigonous is applicable to 
solids only, and not to the outline of an expanded 
body. 

Trapezifurm; applied to a leaf, &c. with 4 sides, the 
opposite ones not being parallel. 

Cordate, or heart-shajicd ; ovate, with two rounded 
lobes at the base; as in Jig. 47. 

Reniform, or kidney-shaj)cd ; itiffers from heart-shaped 
ifl being broader than long, and obtuse at the sum¬ 
mit ; as the leaves of Asnrum Canadense. 

Auriculatc, or eared; having two small projecting 
rounded lobes at the base; as the leaves of Bumex 
Acefosella and Magnolia auriculata. 

Hastate, or halbert-shajied ; somewhat triangular, with 
jwojecting lobes perpendicular to the petiole {Jig. 
48, A); as the leaves of Polygonum arifolium. 

Sagittate, or arrow-shaped (||arrow-headed,J; trian¬ 
gular, the lobes at the base elongated and scarcely 
diverging, as the ordinary leaves of Saggittaria 
sagittifolia (Jig. 48, a.}, of Polygonum sagitta- 
tum, &c. 
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Panduriform {'panduriformis, panduratus), or fiddle- 
shaped ; oblong, and broad at the extremities, but 
contracted in the middle ; as may occasionally be 
seen in the leaves o( Convolvulus panduratus. 

Attenuate, or tapering; gradually diminishing in 
breadth. z-' 

Equilateral, or equal; when the two sides are sym¬ 
metrical ; as the leaf of an Apple. 

Inequilateral, o» unequal; when the two sides are un- 
symraetrical; as in Begonia {fig. 52, a). 

Oblique ; slightly unequal-sided ; as the leaves of the 
Elm. 

Dimidiate, or halved ; when one half of the figure is 
wholly or nearly wanting. 

C. With respect to the apex or point. 

Oftfu.'Se, or blunt'; with a rounded summit; as the leaf 
of Asclepias Syriaca, &c. 

Rouiided ; very obtuse; as the leaves of a Nuphar or 
Yellow Water-lily. 

Truncate ; having the extremity cut olT, as it were, by 
a transverse lino ; as the leaf of the 'J’ulip-trce, and 
the lobes of the leaves of Convolvulus Sepium. 

Preemorse, or bitten ; truncate with a ragged outline, 
as if bitten by an animal. 

Retme ; ending in a shallow, rather broad notch ; as 
the leaves of the white Clover. 

Emarginate, or nicked ; ending in a small and narrow 
notch, like a crenature; as the leaves of thq,Box 
{Buxus sempervirens) and Bladder Senna. 

Eridcntatc ; truncate or blunt, with three projecting 
teeth ; as the leaf of Potcntilla tridentata. 

Obcordate ; having a rather deep sinus at the. summit, 
and two rounded lobes; the same as cordate re¬ 
versed. Ex. the leaflets of Oxalis Acetosclla, Trifo¬ 
lium repens, &c. 

Capitate, or headed; suddenly thickened at the extre¬ 
mity; as the style of many plants, glandular hairs 
{fig. 15, a), &.C. 

Acute ; terminating in an acute point, without tapering 
sensibly. 
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Acuminate, or taper-pointed; prolonged into an acute 
point {Jig'. 44, b). Ex. the leaves of naost Poplars. 

Apiculate ; abruj)tly prolonged into a short acute point, 

■ ^ of nearly the same consistgnee as the remainder of 
the organ. 

Mucronaic; abruptly terminating in a short rigid 
point, formed of a prolongation of the midrib; as 
the leaflets of Vicia sativa, Cfaliura Aparine, &c. 

' Cuspidate; more gradually prolonged into a rigid 
point; as the leaves of Galium asprelluin. 

.Pungent; terminated in a hard sharp point; as the 
leaves of Thistles. 

Bristle-pointed {setose); terminating,in a fine sharp 
point or bristle; as thepalca; of many Grasses, the 
leaves of several Mosses, &c. 

Awned {aristate ); terminating in a hard bristle or 
beard, which is often twisted or Igjnt. The awn^ 
proper, as in the paleai of Grasses, often separates 
from the lamina below the apex {Jig. 02, c, d). , 

Cirrhous; terminated by a filiform, flexuose appen¬ 
dage ; as the leaf of Gloriosa, the petiole of the 
Pea, &c. 

Uncinate, or hooked; terminated by a point which is 
suddenly turned back, forming a hook. 

Caudate, or tail-i)ointcd; with a v'cry long weak acu- 
mination, like the tail of some animal; as the 
leaves of several Mosses. 

Rostrate, '^rostellate, or beaked ; terminated by a long 
and firm prolongation; as the pods of the Unicorn- 
plant. 

Pointless, {muticus ); used in contradistinction to any 
of the terms indicating a pointed apex. 

2. As to Division. 

A. With respect to margin. 

Entire {integerrimus); when the margin is free from 
all division ; as in the leaves of most*Endogenous 
plants, all Rubiacea;, Gentianea;, &c .—See also 
jig. 40, 44, and 46, h. 
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Undivided (integer) ; opposed to incised, cleft, or lobed; 
but applicable to crenate, serrate, or dentate leaves, 
&c.—By adopting the words entire and undivided 
in place of the Laiin terms, integerrinius and in¬ 
teger, we avoid the absurdity of saying very entire. 

Crenate ; when the margin is furnished with rounded 
teeth, as the leaves of Glcehoma hcderacea, &c. 
See also Jig’. 45, d. and 52, b. c. d. Some leaves 
are doubly crenate {||bicrenatc), the larger crena* 
tures being also crenated; as those of Malva rotun- 
difolia. 

Serrate, or saw-toothed ; having acute teeth pointing 
towards the.apex {fig- 3G, 39, h. t^c.). 

A body furnished with very fine serraturcs is said 
to be serrulate ; as in fig. 41, a. 

Dentate, or toothed; beset with regular, acute or 
rather ob'use, projecting teeth, not pointing to¬ 
wards the apex ; as in fig. 4G, /. 

Denticulate ; minutely dentate. 

Erase ; having a jagged or irregularly cut margin, as 
if gnawed by an animal. 

Undulate, or wavy; exhibiting an unequal margin, 
which may be represented by a wavy line. 

Repand ; wavy, exhibiting minute salient angles as in 
fig- g. 

Angled; having several salient angles along the mar¬ 
gin ; as the leaves of Datura Stramonium. 

Sinuate; having an uneven margin, which is repre¬ 
sented by a deep wavy line, the teeth and the 
sinuses being both rounded; as the leaf of- many 
Oaks (fig. 46, e.). 

Lyrate, or lyre-shaped ; furnished with several sinuses 
on each side, gradually diminishing in size to the 
base; as the leaf of Barbarea vulgaris. • 

Runcinate ; deeply toothed, sinuate, or lobed, the teeth 
or lobes pointing back towards the base; as the 
leaf of the Dandelion (fig. 4G, d.). 
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B. With respect to incision. 

Incised, regularly divided by deep acute incisions; a 
' general term not expressin'g the particular kind of 
division. 

Laciuiatc, divided by deep incisions; the portions (la- 
ciiiiae) being quite slender and numerous. Ex. 
the leaves of Dentaria laciniata. , 

Lobcd; divided, more deeply than toothed, by some¬ 
what obtuse incisions of uncertain depth; each 
portion is termed a lobe. The number of lobes is 
sometimes specified; as 2-lohcd, the leaf of Bauhi- 
nia {fiff- 53.); 3-lohed, as the leSf of Hepatica ; 
S lobeti, as the leaf of the Sugar Maple (^g. 39, 
a.), &c. 

Cleft { fs.sus) ; divided to about half the length or 
breadth of the body. We say bfd, or ^-cleft 
trifd, or 3-clcfi; quadrifid, or 4-cleft, &c. ; and, 
when the portions or lobes arc numerous or inde¬ 
finite, muUifd, or many-cleft. 

Parted, (partitus) ; divided beyond the middle, but not 
quite to the base; as the leaves of Trollius, and 
of many species of Ranunculus (fg. 45, b.). 

Divided (scctus) ; cut ([uite to the base. As applied 
to leaves, the term denotes that the incision ex¬ 
tends to the midrib or petiole, the parenchyma 
being interrupted ; as in the feather-veined leaver 
of (iardaraine pratensis and hirsuta, the palmate 
ot the Monkshood, &c.—Divided simple leaves 
are often confounded with compound leaves. See 
page 77.—The portions of a divided leaf are called 
segments. 

Palmate > is applied in general to a lobed or incised, 
radiated-vcined body: the lobes being often 5 in 
number, tbe whole bears some resemblance to a 
hand with the fingers widely spread. Ex. the leaves 
of Viola palmata, Pa’ssillora ca;rulea,.&c., and also 
the tubers of some species of Orchis (Jig. 22.), 
&c. The degree of division is expressed by com¬ 
bining the term with tbe several preceding ones ; 
thus giving rise to the following, viz: 
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Palmatcly cleft (palmatifidus) ; cleft in a palmate 
manner. 

Palmately lohed (palmatilohatus) ; as 45. e. 

Palmatcly parted {palmatipartitua)] as the leaves Ane¬ 
mone Pennsylvauica, and of many Kanunculi, (fig. 
45, h.). 

Palmatcly divided (palmatisectus) ; palmately cut quite 
to the petiole, separating the lamina into several 
portions, "as Anemone Virginiaua, Delphinium 
consolida, &c. 

Pedate; palmate, with the side-lobes 2-cleft, having a 
resemblance to a bird’s claw; as the leaves of 
Arum Dracentium, Viola pedata, &.c. 

Digitate, or lingered; the same with palmately divided 
as usually employed ; but more properly restricted 
to compound leaves, &c. See ensuing section, and 
also page 39. 

Pinnatifid, or pinnatcly cleft; is a general term ap- 
' plied to a feather-veined leaf or other body, with 
deep and regular side incisions. For rigorously 
distinguishing the degree of division in this re¬ 
spect, as in the analogous case of radiated-veined 
leaves, &c., we say ; 

Pinnately lobed (pinnatilohatvs) ; when the leaf is 
thus divided to an uncertain depth—the lyrate form 
is a mere modiheation of this. 

Pinnately cleft, or pinnatifid; when the lobes are cut 
half-way to the midrib, as io fig. 4G, c. 

Pinnately parted (pinnatipartitvs) ; when the lobes 
are divided beyond the middle, the parenchyma, 
however, not being interrupted ; as in fig. 46, b. 

Pinnately divided (pinriatiscctus) ; when the lobes are 
divided quite to the midrib, the parenchyma being 
interrupted ; as the leaves Cardaminc hirsute, &c. 
This is often confounded with pinnate. 

Bipinnately divided, parted, or cleft, and 

Tripinnately divided, parted, or cleft, &c., are re¬ 
spectively analogous to bipinnate and tripinnate 
among compound leaves. 

Pectinate, or comb-shaped ; is applied to a pinnately 
parted body with numerous narrow and close seg¬ 
ments ; as the leaves of Proserpinaca pectinata. 
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C. With respect to composition or ramification. 
Simple ; not divided or branched. 

Compound ; as opposed to simple means branched or 
' divided ; as applied to Iea7e8, see page 87. 
Branched (j{ ramose); divided into many branches; 
as th‘e stem of Hypericum Sarothra, H. pro- 
lificum, &c. 

Forked, or || furcate ; divided into two ]|{ranches. 
Dichotomous ; many times forked, llie divisions being 
always in pairs ; as the stems of Chickweeds. 

' Trichotomous ; forked with the branches in threes; as 
the stem of Mirabilis Jalapa. 

Stellate, or star-shaped: several briAiches radiating 
from a common centre; as the hairs of the Mallow 
tribe, &;c. (fi^. 14,/.). 

Articulate, or jointed; furnished with joints at which 
the body falls in pieces, or is capablb of separating* 
more easily than elsewhere ; as the pod {lament) of 
Desmodium ; the leaflets of a compound leaf, &c. 
It is often loosely applied to bodies having the ap¬ 
pearance of being jointed, but not so in reality ; as 
the leaves of Juncus polycephalus, the stem of Cy- 
perus articulatus, Scirpus equistoides-JSlZtott.— 
The latter may be termed nodose or knotted. 
Nodes, as those of the culms of Grasses, &c., are 
sometimes called joints, but quite improperly. 
Decompound nnd Supradecompound ; applied to peti¬ 
oles or branches, denotes that they are several 
times branched, without specifying the mode. 
Ex. the petioles of Thalictrum, Aralia racemo8a,&c. 

The term compound as applied to leaves is explained 
on page 85 ; and it has already been observed that all 
compound.leaves are reducible to two principal kinds, 
viz : the digitate, and the pinnate. A leaf is 
Digitate ; when the several leaflets arise from the very 
summit of the petiole ; as in the Horse-chestnut {jig. 
49 a.), the Lupine, &c., and . 

Pinnate ; when the leaflets are arranged along each 
side of a common petiole; of which the chief modi¬ 
fications are 


32 



374 


olosboloov. 


1. Alternately pinnate ; the leaflets being alternate; 

as in Qymnocladus Canadenis and A.niorpha fru- 
ticosa. 

2. Oppositely pinnate •, the leaflets being opposite, as 

in most cases. 

3. Interruptedly pinnate ; the leaflets alternately large 

and small, as in the Potato. 

4. Abruptly, or equally pinnate ; when the petiole is 

terminated neither by a tendril or by leaflets ; as in 
the species of Cassia.—See Jig. 40, h. 

5. Unequally pinnate (imparipinnatus) ; pinnate with 

a single terminal leaflet; as in Roses, Robinia 
Pseudacaceva or Common Locust, &c. 

6. Pinnate with a tendril ; when the petiole is pro¬ 

longed into a tendril; as in the Pea, the Tare 
(Vieia), &c., (Jig. 50, a.). 

As to furthef composition, pinnate leaves are 

Bipinnate ; when the secondary petioles bear the leaf¬ 
lets ; as in Acacia Julibrisson, &c., (Jig. 50, e.). 
"Pripinnate ; when the third order of petioles bear the 
leaflets, as in fig. 50, d. 

Conjugately pinnate; when the secondary petioles 
bearing the leaflets, proceed in twos from the sum¬ 
mit of a common petiole. 

Digitately pinnate; when several secondary petioles 
bearing leaflets along their sides, part from the 
summit of a common petiole. Ex. The Com¬ 
mon Sensitive plant.—This is best comprehended 
by supposing the feather-veined leaflets o£.a digi¬ 
tate leaf, like the Horse-chestnut, to become com¬ 
pound. The preceding is but a modification of the 
present form. 

The leaflets of a pinnate leaf considered as pairs are 
said to be, 

Vnijugate, l-jugate, or one pair; when the petiole 
bears but a single pair of leaflets. 

Bi —or 2-jugate, when it bears 2 pairs, and 3-4-5-ytt- 
gate, according to the number of the pairs. When 
the number is quite considerable, the term multi- 
jugate or many-paired is employed. 
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Or, we may express the number of leaflets, 
whether of a digitate or pinnate leaf, without 
reference to the pairs; as— 

Vnifoliolate ; with a single leaflet— (see page 89); as 
in the Orange, Rynchosia monophylla, &c, 
BifoliolaU (lliiflafe); with the petiole bearing 2 leaflets. 
Trifoliolate (usually called ternate) ; with 3 leaflets; 

as in the Clover, Bean, Desmodium, &c, 
Quinquefoliolate (usually called quinate) ; with 5 leaf¬ 
lets ; as some Lupines, Ginseng (Panax quinqve- 
folia), &e. 

To distinguish in these instances between the 
digitate and the pinnate series reduced to one, two, 
three or five leaflets, those of the first kind are 
called digitately, of the second, pinnately 1-2-3-5- 
foliolate-^iSee page 89). 


3 Of Surface. 

A. With respect to marking, or evenntss, 

Reticvlated, or netted; covered with a net-work of 
lines in slight relief; as the seeds of the Prickly 
poppy (fig. 109, d.). 

Pitted (scrobiculate) ; having numerous shallow, de¬ 
pressions ; as the receptacle of most Composite. 

Lacunose ; having large and deep depressions. 

Alveolate, '^favose, or honey-combed; having deep ex¬ 
cavations, resembling honeycomb; as the recep- 
taSle of many Compositas. Ex. Balduina, Nutt. 

Rugose, or wrinkled ; as the leaves of the garden Sage, 
when the veins being contracted the surface rises 
irregularly above them. 

Scarred ; marked by the scars of bodies that have fallen 
olT. Thus a stem often presents scars left by 
former leaves. 

Striate ; marked by longitudinal lines; as the stems 
of most Grasses, of Equisetum (182),*&c. 

Furrowed (suleate) ; marked by longitudinal furrows; 
as the stem of the Parsnip, &c. 
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JBven; opposed to inequality of surface. 

B. With respect to appendages, or superficial pro¬ 
cesses. 

Unarmed ; destitute of spines or prickles. » 

Spinose ; furnished with spines; as the stem of Cratee- 
gus or Thorn, the Jeaves of Holly, &c. 

Prickly ; furnished with prickles; as the stem of the 
Gooseberry & Rose. 

Echinate; beset with numerous straight and slender 
prickles; as the cupule of the Chestnut, the cap¬ 
sule of Argpmone Mexicans, &c. 

Muricate ; beset with short excrescences haring a broad 
base and a sharp point 

Tuierculate (verrucose)\ corered with little excres¬ 
cences or warts. 

Pappillose, or pimpled ; scarcely different from tuber- 
^ culate; sometimes applied to rather soft minute 
excrescences. 

Scabrous {scaber, asper, exasperatus), or rough; fur¬ 
nished with minute asperities, evident to the touch, 
but scarcely or not at all perceptible to the naked 
eye. Ex. the leaves of Lithospermum officinale, 
the stems of Scouring-Rush. 

Pubescent ; covered with short soft hairs.—This term 
is sometimes used generically for all kinds of hairi¬ 
ness. 

Pi 'oSe, or hairy; covered with rather firm hairs, stand¬ 
ing nearly at right angles with the surface oi\ which 
they grow. 

Villous {villose) ; thickly clothed with long, soft and 
straight hairs, lying nearly fiat, or at least not stand¬ 
ing at right angles with the surface. 

Hirsute ; clothed with long, rigid, straight and spread¬ 
ing hairs or bristles. 

Strigose, is usually employed synonymously with his¬ 
pid. Willdenow, however, applies it to a suribce 
covered with appressed rigid hairs. 

The five preceding terms are variously defined by 

different authors, and still more variously applied in 
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description. De Candolle being nearly uniform in the 

use of these terms, 1 have adopted his definitions. 

Lanate, lanuginose, or woolly; densely covered with 
long, soft, matted hairs ; ag the leaves of the Com¬ 
mon Mullein. 

Tomentofif ; densely clothed with rather short, crisped 
and matted hairs; as the fruit of the Peach. 

Velutinous, or velvety; having a covering of very 
short, dense, rather rigid hairs, so that the surface 
resembles that of velvet; as the stem and leaves of 
Sida Abutilon. 

Sericeous, or silky; covered with very fine, close- 
pressed hairs, so as to exhibit a s^iny appearance; 
as the lower side of the leaves of Potetilla anserine. 

Canescent (,incanus), or hoary; densely clothed with 
very short, appressed hairs, giving the surface an 
uniform appearance of whiteness ;^s the stem and 
leaves of Pycnanthemum incanum. 

Lepidote, or leprous ; covered with minute scales con¬ 
sisting of stellate hairs grown together (/ig". 15. c.); 
as the leaves of Shepherdia, Croton argyranthe- 
mum, &c. 

Cujyl^alTcZis), I are both usually applied to abor¬ 
tive and scaly or chalT-like rudiments of leaves (as 
those on the stem of Elytraria, and the recepta¬ 
cle of Compositse), rather than to appendages of 
the cuticle. 

Scurfy ; covered with minute white scales or scurf;—a 
kind of desquamation of the cuticle; as the 
leaves of Atriplex, Chenopodium album, &,c. 

Farinose, pulverulent, or mealy; covered with a mi¬ 
nute white scurf, or powder, detached by the 
touch.; as the leaves of Populus candicans. Primu¬ 
la farinosa, &,c.. 

Bearded {harhatus, crinitus) ; having tuAs of long 
hairs, or solitary bristles, growing from any part 
of the surface. ' . 

Arachnoid, or cobwebby; bearing fine, very slender, 
entangled hairs; as the paleae of Agrostis arach.: 
ooidea. Elliot. 
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Ciliate ; haring a row of fine bristles or hairs at the 
margin, which thus resembles the eyelash; as the 
petals of Tropseolum, the leaves of the House 
Leek (Sempervivum), Convallaria urabellulata, 
Michaux, &c. 

Fimbriate, or fringed; when the margin is bordered 
by filiform processes thicker than hairs, usually of 
the same texture as the organ which bears them. 
Ex. the petals of Silene steliata, Habenata ciliaris, 
fimbriata, &c. 

Plumose, or feathered ; is applied to a body furnished 
with two rows of hairs, like a plume; as the stig¬ 
ma of Arena elatior, and other Grasses, the bris¬ 
tles of the jKippus of the Dandelion, &c. 

Glandular or glandulose; furnished with glands, or 
glandular hairs {iig. 15, a, &.); as the flower-stalk 
and calyx of Roses and Fraxinella, the leaves of 
Drosera, A-c. 

Stinging; furnished with stings {18. Jig. 15. c, d.); as 
' the Nettle. 

Glabrous; smooth; opposed to every kind of hairi¬ 
ness, silkiness, scaliness, scurfiness, &c. 

C. With respect to polish. 

Smooth {Icevis, Ixvigatus ); free from all asperities and 
unevenness, as well as hairiness, as many leaves, 
fruits, &c. Not synonymous with glabrous, since 
a glabrous surface may be uneven. 

Shining {nitidus, lucidus); smooth and polished as the 
leaves of Habenaria orbiculata. 

Dull; the reverse of shining; smooth without polish. 

Vernicose, or varnished; shining as if by a coat of var¬ 
nish. 

Naked; expresses the absence of appendages. It is 
not usually applied to surfaces destitute of hairi¬ 
ness, but is often opposed to scaly or spinose: or 
still more commonly it expresses the absence of 
. an orgali or covering generally present. Thus, a 

' flower is said to be naked when it has no calyx, a 
seed when destitute of seed-vessel, and a bud 
when furnished with no scaly covering. 
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Glaucous; covered with a fine waxy powder which 
easily rubs ofl'. Ex. a Cabbage-leaf. 

Viscid, viscous, or glutinous; covered with a glutinous 

. exudation. 

Mucous ; covered with a slinay excretion. 

4. Of Texture. 

Membranaceous; thin, flexible, and sjightly translu¬ 
cent ; as the leaves of Mosses. 

Scarious; dry, thin, and colorless; as the involucral 
bracts of Centaurea Americana. 

Papery {chartaceus); having the consistence of writ¬ 
ing paper, and quite opaque; asYnust leaves. 

Coriaceous, or leathery; having the consistence of lea- 
. ther; as the leaves of the Misletoe. 

Crustaceous; hard, thin, and brittle. 

Cartilaginous; hard and tough. • . 

Corky (llswicrose); having the texture of cork. 

Spongy, cellular and dry. • 

Horny; having a hard, close texture, but capable of 
being cut with a knife; as the albumen of Umbel- 
liferae. 

Bony or osseous, as the stone of a peach. 

Fleshy, as the apple. 

Waxy, as the pollen of Asclepias, Cypripedium, &c. 

Succulent; cellular and juicy; as the torus of the 
Strawberry, the leaves of the Prickly-pear, &c. 

Fibrous; having a large proportion of woody fibre In 
its composition; as the rind of a Cocoa-nut. 

Herbaceous ; green and cellular, as the tissue of most 
leaves; applied to herbs in contradistinction to 
shrubs and trees. 


5. Of Size. 

Most of the terms relating to this quality are the 
same as those in common use; but a few having a par¬ 
ticular application need to be defined. The following 
are of this kind. 

Dwarf {nanus, pumilus, pygmcsus); small and short. 
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as compared with other species of the same genus. 

Very small {pusillus) ; similar to the last but very slen¬ 
der. 

A span (dodrantalis) ; nine inches; or the span includ-- 
ed between the thumb and little finger, separated 
as widely as possible. 

A foot ipedalis) ] twelve inches; the length of a tall 
man’s foot 

A Cubit; seventeen inches ; or the distance between the 
elbow and the tip of the fingers. 

An ell {ulnarisy ; twenty-four inches, or the length of 
the arm. 

A toise (.orgalis) ; six feet, or the ordinary height of 
man. 


6. Of Duration. 

Besides the terms in ordinary use for expressing du¬ 
ration, there are several peculiar to botany, some of 

which have been recently introduced by De Candolle. 

Monocarpous; bearing flowers and fruit but once, 
and dying soon after. Those living but a single 
year are called annuals ; those which endure for 
two years are termed biennials. Some plants, 
/uch as Agave Americana, live several years be¬ 
fore flowering, but die soon afterwards. 

Polycarpous, or perennial; living for several years, 
and capable of bearing flowers and fruit many 
times. 

When the stem endures several years, as in trees and 
shrubs, the plant is said to be caulocarpous. 

When the stem perishes annually quite down to the 
ground, the root enduring several years, as in many 
herbs, the plant is said to be rhizocarpous. 

Hysteranthous; when the flowers appear before the 
leaves; as the Alder, Maple, Colt’sfoot (Tussilago 
Farfara), dec. 

Synanthous; when leaves and flowers appear at the 
same time; as the Apple. 

Proteranthous; when leaves appear before the flow- 
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Deciduous ; finally falling off. 

Caducous; falling off very early. Thus the calyx of 
the Poppy is caducous, falling off when the corol¬ 
la expands; and the caly% of the Mustard and all 
Cruciferous plants, falling off at the same time with 
the petals, is said to be deciduous. 

Persistent; not falling off, but remaining until maturi¬ 
ty ; as the calyx of Labiate, CaryophyllaceiB, &c. 

Marcescent; withering without falling Off; as the flow¬ 
ers of Hemerocallis, the leaves of Beech and 
Hornbeam. 

Fugacious ; perishing or falling off at a very early pe¬ 
riod, as the petals of Helianthemum. 


7. Of Color. 

Owing to the great predominance of green in the ve¬ 
getable kingdom, all organs which do not present this 
hue are said to be colored : green parts are often said to 
be uncolored. 

All the hues presented by plants may be arranged 
under 8 principal colors; viz. White, gray, black, 
brown, yellow, green, blue, and red. The best arrange¬ 
ments of the tints, as applied to plants, are those of 
De Candolle ( Theorie Elementaire) and Lindley (Irttro- 
duction to Botany), the latter being chiefly compiled from 
the former and the Terminology of Bischoff. 

I. White {albus; in terms taken from the Greek leuco-). 

Snow-white (niveus) ; the purest white. 

Pure white (candidus in Greek compounds argo-) ; not 
quite so clear as the last. 

Ivory-white (eburneus) ; white with a slight tint of yel¬ 
low. • 

Milk-white (lacteus ; Gr. comp, galacto-) white, verging 
to blue. 

Chalk-white; very dull white, with a touch of gray. 
Silvery (argenteus ; Gr. comp, argyro-) ;.white with a 
tint of bluish gray, and considerable lustre. 

Whitish {albidus) ; white a little soiled. 

Turning white (albescens); changing to a whitish cast 
from some other color, 
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WMtened; slightly covered with white on a darker 
ground. 

II. Gray. 

Ash-gray, or cinereous ; a mixture of pure white anr 
pure black, forming an intermediate tint. 
Pearl-gray, (griseus) ; gray a little verging to blue. 
Slate-gray ; more decidedly bordering on blue. 
Lead-colored, oV plumbeous ; bluish gray with conside* 
rable lustre. 

Smoky ; brownish gray. 

Mouse-colored ; gray with a touch of red. 

Hoary, or canescent ; grayish white, caused by a minute 
oppressed pubescence. See § 3. B. 

III. Black. 

Pure black {ater, niger; Gr. comp, melano-) 
Cocfl-black; a little verging upon blue. 

Pitch-black {piceus) ; black changing to brown. 
Raven-black (pullus) ; black with a strong lustre. 
Blackish (nigrescens) ; black tinged with gray. 

IV. Brown. 

Fuscous ; greyish brown. 

Deep brown {brunneus)\ a pure dull brown. 

Bright brown (spadiceus)] clear brown, a little shining. 
Chestnut-brown {badius) ; dull brown slightly tinged 
with red. 

Ferruginous, or rusty; light brown with a tint of red. 
Cinnamon-colored ; bright brown with a tint of yellow 
and red. 

Red-brown ; brown mixed with red. 

Rufous, or II rufescent ; redder than the last. 
Liver-colored {hepaticus) ; dull brown and yellow. 

I Fuliginose ; dirty brown and blackish. 

Lurid ; dirty brown a little clouded. 
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V. Yellow. 

^Yellow {luteus, Gr. comp, xantho -); as gamboge. 

Oolden-yellow (aureus, Gr. cotflp. Cbryso ) pure yellow, 
but bright. 

Pale yellcAo (flams, fiavidus, flavescens, lutescens ); a 
pure pale yellow. 

Sulphur-colored, or stramineous; verji pale dull yel¬ 
low. 

Ochre-color; yellow with a tint of brown. 

Ochroleucous; the last mixed with white. 

Orange (aurantiacus ); yellow mixed with red. 

Saffron-colored (croceus ); orange with* a tint of brown. 

Tawny, ox fulvous; dull yellow with a mixture of gray 
or brown. 


VI. Green. 

Green (viridis, Gr. comp, chloro-)] the ordinary green 
of leaves, &c. 

Deep green (atrovirens ); green, with a tinge of black. 

Verdigris green (aruginosus ); deep green with a tint 
of blue. 

Yellowish-green (flavo virens) \ green mixed with yel¬ 
low. 

Olive-green, or olivaceous; green mixed with brown. 

Greenish, or virideseent; pale green. 


VII. Blue. 

Caruleous; a pure, but rather pale blue. 

CyaneouSf or Prussian blue; a pure intense blue. 
Indigo; the deepest blue; scarcely differs from the last. 
SkyMue, or azure; a light pure blue. 

Violet: intermediate between pure blue and red. 
Lilac; a pale dull violet. * . 
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VIII. Red. 

Red {ruber; in Gr. comp, erythro-)] red in general. 

Carmine; the purest retl. 

Rose-color; pale, pure red. 

Flesh-colored {incarnatus); paler than the Idst, and ra- 
ther dull. 

Sanguineous, or blood-red ; deep red with a tint of pur¬ 
ple. 

Purple; dull red mixed with blue. 

Scarlet {coccineus) ; a very lively red with a slight tint 
of yellow. 

Flame-colored; liery red ; a lively scarlet. 

Cinnabar; scarlet mixed with orange. 

Vermilion; scarlet with a tint of yellow. 

Brick-color; dull red mixed with gray. 

'Brown-red {ruhiginosus, h<ematiticus\] dull red mixed 
with brown. 

Copper-color (cupreus) ; brownish-red, with a metallic 
lustre. 


8. Of Variegation, or Marking. 

Vofiegated ; the color disposed in irregular spaces. 

Spotted {maculatus, guttatus) ; the color disposed in 
spots or blotches. 

Dotted; the color disposed in very small round spots. 

Clouded; when colors are unequally blended. 

Marbled; traversed by irregular veins of colors 

Tessellated; when the color is arranged in small 
squares. 

Bordered (limbatus) ; when one color is surrounded by 
a broad edging of another. 

Margined; when one color is surrounded by a nar¬ 
row edging of another. 

Banded; when there are transverse stripes of color. 

Striped (vittatvs) ; when there are longitudinal stripes 
of any color. 

Painted (pictus) ; when colors are disposed in streaks 
of unequal intensity. 
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Occllated] when a broad spot has another spot of a 
different color within it. 

^Zoned; when several circular colored bands are placed 
within each other. 

9. Of Veining. 

All the curnmonly occurring terms i^plative to vein¬ 
ing are defined in the section concerning the structure 
of leaves (See 53), and need not be repeated here. 

II. Of Individual Relative^Termu. 

These refer to Direction, or the relation which or¬ 
gans bear to the surface of the earth, or the axis on 
which they are arranged ; and Insertion, or the man¬ 
ner in which one organ is attached, or adherent to 
another. 


1. Of Direction. 

Erect; perpendicular to the earth. 

Straight ; opposed to curved or bent. 

Strict; very straight; as applied to a stem it denotes it 
to be straight, erect, slender, and scarcely branched. 

Ascending, or ^assurgent ; nearly prostrate at the 
base, gradually acquiring an upright direction; as 
the stems of Clover and of many Grasses. 

Descending; having a direction gradually downwards. 

Depending; hanging down by its own weight; as the 
branches of the Weeping Willow. 

Vertical, or perpendicular ; at right angles with some 
otheV body ; as upright stems with the earth, &c. 

Horizontal; parallel with the horizon. 

Inverted; when the base points upwards and the sum¬ 
mit towards the earjh. 

Resupinate; when the usual position of an organ is 
reversed. Thus, a papilionaceous flower is resupi¬ 
nate when the standard is inferior and the keel su¬ 
perior, as in the Pea-nut {Arackis hypagtea). So. 
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also, in some Labiate and Schrophularineous plants 
that which is ordinarily the upper lip is below; as 
in Scrophularia. In Orchideous plants this resu- 
pination is plainly /;au8ed by the twisting of the 
pedicels. 

Inclined; not erect. • 

Reclined; gradually back from the perpendicular; as 
the branches of the Elm {Ulmus Americana). 

Declined; turifed to one side, or deviating from the 
perpendicular by a curve ; as the stamens of Rho¬ 
dodendron nudiflorum, &c. 

Pendulous; hanging perpendicularly downwards, as 
the flowers the Balsam (Impatiens pallida, «^c.) 

Drooping, or nodding (cernuus, nutans) ; hanging 
downwards, not perpendicularly, but intermediate 
between that and the horizot\tal direction ; as the 
flowers ofcLilium Canadense, Geum rivale, the 
Snow-drop, &c. 

Convolute; rolled up. 

Involute ; rolled inwards. 

Revolute; rolled backwards. 

Inflexed, or infracted; suddenly bent inwards. 

Deflexed ; suddenly bent downwards. 

Incurved ; more gradually turned inwards. 

Reci^rved; curved backwards. 

Secund ; turned to one side; applied to the flowers of 
a spike or raceme, when they all take the same di¬ 
rection by the turning of their pedicels. Ex. Pyro- 
la secunda. Digitalis purpurea, &c. 

Flcxuosc ; bending alternately inwards and outwards; 
as the rachis of Wheat, Barley, &c. 

Tortuous ; bending irregularly in several directions. 

Geniculate; bent abruptly; as the culms of many 
Grasses, the pedicels of Strcptopus amplexifolius 
and roseus, &c. 

Spiral; twisting like a corkscrew; as many tendrils. 

Circinate or gyrate ; rolled up from the apex, as the 
young frcmds of Ferns. 

Ticining, or voluble; twisting around some other 
body; as the stem of the Morning glory, the Hop, 

dtc. 

^limbing, or scandent; elevating itself without twin- 
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ing, by means of other bodies ; as Clematis Virgi- 
niana, &c. 

Retrorse; turned backwards, the apex pointing to¬ 
wards the base of the organ on which it stands. 

Introrse ; turned inwards ; as the anthers of the Lily. 

Extrorse turned outwards; as the anthers of Iris. 

Procumbent ; this is said of stems when they spread 
over the surface of the ground; as Lespedeza 
procumbens, Desmodium rotundifolium, &c. 

Repent; procumbent and putting forth roots; as 
Glechoma hederacea, Poa reptans, Michx., &c. 

Decumbent; reclining upon the earth, but with the 
apex ascending; as the stems of Desmodium ob- 
tusum. 

Prostrate ; lying flat upon the earth ; as the leaves of 
Habenaria orbiculata. 

Diffuse ; spreading widely. , 

Divaricate ; spreading nearly at right angles with thd 
axis ; as many branches with the trunk. ^ 

Brachiate; when branches proceed from a common 
axis, nearly at right angles, alternately in opposite 
directions. Ex. Hypericum prolificum and Kal- 
mianum. 

Spreading; gradually turned outwards ; as the petals 
of a Rose. 

Converging, or ronnivent ; gradually turned inwards; 
as the sepals of the Globe-flower (Trollius Euro- 
pceus). 

Swimming; floating under water; as Sea-weeds. 

Floating; lying on the surface of water; as the leaves 
of the Water-lily. 

Submersed; growing under water. 

Emersed; raised above the water; as the flowers of 
the Water-lily, Pond-weed, &c. 

2. Of Insertion. 

A, With respect to the mode of attachipent or adhe¬ 
sion. 

Pellate {Jumbilicate) •, fixed to its stalk by the centre, 
or some point distinctly within the margin. Ex, 
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the leaf of Tropaeolum [fig. 42, h.), and of Hydro- 
colyte umbellata and interrupts (fig. 52. c. d.). 

Sessile; without a stalk; as the leaves in Jig. 53, the 
flower of the Prickly-pear (Cactus Opuntia), the 
anthers of Pondw°eed, and the stigmas of Tril¬ 
lium. 

Decurrent; prolonged beyond the point of insertion ; 
as the leaves of the common iVIullein, which ap¬ 
pears to ren along down the stem. 

Amplexicaul, or clasping; applied to leaves embracing 
the stem by their base; Ex. Campanula amplexi- 
caulis, Stieptopus roseus. Semi-amplexicavl is 
the same in a lesser degree.— Ex. Poppy, Conval- 
laria stellata and multiflora. 

Vaginate ; clasping by a sheath, as the culms of Grass¬ 
es. 

Perfoliate; wtien the posterior'lobes of a clasping 
leaf are united, so that the stem appears to pass 
through the substance of the leaf. Ex. Streptopus 
amplexifulius (fig. 52, e.), Bupleurum rotundi- 
folium, Uvularia grandiflora and perfoliata. 

Connate; when the bases of two opposite leaves are 
united together; as in Eupatorium perfoliatum, 
and the upper leaves of Lonicera Caprifolium, 
sempervirens, parviflora, &c. 

Adnate; adhering to the face of anything; as the 
anther to the filament in the Crowfoot and Water- 
lily tribes. 

Innate; adhering to the apex of anything; as the 
anther to the filament in the Poppy tribe, &c. 

Versatile ; adhering by the middle to the pointed apex, 
as on a pivot, so as to be nearly balanced Ex. 
the anthers of Grasses, the Lily, Tulip, &c. 

Stipitate; elevated on a little stalk (not applied to 
leaves and flowers) ; as the ovaries of Coptis (fig. 
79, d.), the pappus of Tragopogon, &.c. 

Articulated, or jointed ; when one part is joined to 
another W a manifest articulation ; as the leaves 
of most Exogens to the stem. 

Free ; not cohering with anything, as the ovary and 
fruit of the Poppy, &.c, 
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Distinct; free from each other; as the carpels of 
Ranunculus, Caltha, &c. 

B. With respect to situation. 

• 

Dorsal; fixed to the back of anything. 

Lateral; 4ixed to the side of anything. 

Marginal; fixed upon the edge of any organ. 

Basal; fixed on the base of anything. 

Radical, arising from the root. Thil, when said of 
leaves and flowers is not strictly correct, since what 
are called radical leaves, &c., arise from the collet 
or base of the stem, and not from the root. 

Cauline ; arising from the stem. « 

Axillary; arising from the axillae of the leaves or 
branches. Ex. the flowers Streptopus, Conval- 
laria multiflura, JLoniccra ciliata; the solitary flower 
of Podophyllum peltatum, &c. 

Rdmeal; belonging to the branches. 

Floral; belonging to the flower. 

Epiphyllous; inserted on the leaf. 

Terminal; proceeding from the end of anything; as 
flowers from the extremity of a flower-stalk. 

Crowning; situated on the top of anything; thus, the 
limb of a superior calyx is said to crown the 
ovary. , 

Epigaious; growing close upon the earth. 

Hypogwous, or subterranean; growing beneath the sur¬ 
face of the earth. 

Epiphytic; growing on other plants, but not drawing 
nourishment from their substance; as Mosses, &.C., 
upon trees, and in warm climates many Flowering 
plants. Ex. Tillandsia, Epidendrum Magnoliae. 

Parasitic; attached to,and deriving their nourishment 
froni other plants. Ex. the Misletoe, Dodder, &c. 

pTri^vnous ® special application, for which 

Hypo%:::;,] ^eeArUm.Jig-75. 

33 * 



390 


OLOSSOLOOT. 


II. Of Collective Terms. 

Terms which cannot be applied to a single thing, a 
larger number being necessarily expressed or under¬ 
stood. 


I. Of Arrangement. 

Opposite ; placed on opposite sides of the same body; 
as the leaves of Labiatae, Rubiacese, Cayophyl- 
laceae, &.c. 

Verticillate, or whorled; when several parts are dis¬ 
posed circularly around a common axis ; as sepals, 
petals, and stamens around the ovary, and some 
leaves around the stem (Jig- 57, e ). 

iSte/Zatc, or star-shaped; the same as whorled, but usually 
applied to leaves when they are narrow and acute. 
fix. Galium. 

Ternate; in threes; when three things are placed in 
opposition around a common axis. 

Compound; opposed to simple ; formed of many parts 
composing one common whole. Its particular 
meaning as applied to leaves is elsewhere given 
(52, 56). 

Loose (laxus); having an open arrangement; as the 
panicle of Agrostis polyrnorpha, the commoti 
Red-top grass. 

Crowded; having a dense arrangement; as the panicle 
of the Orchard-grass (Daetylis glomeraia), and 
Panicum Crus-galli. «- 

Sparse, or scattered ; loose, without any definite 
arrangement; used in opposition to whorled, 
opposite, &c. 

Imbricated; when parts lie over each other in regular 
order, like tiles on a roof, as the scales of a cupule 
(Jig. 61, d.), and of the involucre of Centaurea 
(jig. 68, d.). 

Rosulate; when parts, apparently opposite or whorled 
by the contraction of the internodes, lie packed 
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orer each other like the petals of a rose; as the 
offsets of Houseleek, the first year’s stems of some 
biennial species of Arabia, Draba, &c. 

Radiate; diverging from a common centre; as the outer 
florets of the Sun-flower. 

Cxspitoae forming dense patches or turfs. 

Fascicled; when several similar organs proceed (appa* 
rently) from a common point; as the leaves of 
Pin us, Larix, &c. • 

Distichous, when parts are arranged in two opposite 
rows ; as the florets of Cyperus. 

Bifarious, in two rows not necessarily opposite. 

Trifarious, in three rows; and so on.^ 

Unilateral, in a single row. 

Glomerate, aggregate, or clustered: collected in close 
roundish parcels. 

Spiral; spirally disposed along a coranjon axis; as the 
flowers of Spiranthes. 

Decussate; arranged in pairs alternately crossing fach 
other at right angles; as the leaves of Eupatorium 
perfoliatuui. 

Fastigiate; level-topped ; when the parts form nearly 
a flat top, as the corymbs of Achillaea. 

Squarrose, dense, and spreading at right angles from a 
common axis; as the involucral leaves of Silphium, 
Tetragonotheca, and other Compositse, antf the 
leaves of some Mosses. 

Depauperate, or starved ; less developed than usual in 
the family or genus. 

Distant, or remote; opposed to dense, approximated, &c. 

Interrupted; when the symmetrical arrangement is 
destroyed ; as when portions of a spike or a con¬ 
tracted panicle are not covered with flowers, &c. 

Continuous; the reverse of the last, and also of ar¬ 
ticulated. 

Geminate; double; growing in pairs; as the flowers 
of Linnasa borealis. 
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2. Of Number. 

None; wanting altogether. 

Solitary ; growing singly, as the flowers of Viola, Sarr 
racenia, the Tulip, &c. 

Few ; small in number; definite but variable. 

Many, or numerous; opposed to few ; indefinite, or so 
many that they cannot readily be counted. 

The subjoined^ table (from De Candolle Tk€orie Ele- 
mentaire) contains most of the terms used in 
composition to express the number of parts. 

From the Latin. From the Greek. 


Uni.. mono.1. 

Bi. di.2. 

Tri. tri.8. 

duadri. tetra.4. 

.duinque . r . . . penta.5. 

Bex. hexa.6. 

SepCem. hepta.7. 

Octo. octo.8. 

Novem. enuea.9. 

Decern ...... deca.10. 

Undecim. endeca.11. 

Duodecim. dodeca.12. 

Viginti. icos.20. 

Pauci. oligos, a small number. 

Pluri.a middling number. 

Multi. n great number. 

Bini, gemini.two together. 

Terni, ternati.three together. 

duaterni.four together. 

duini, quinati.five together. 

Seni.six togther. 

Septeni.seven together. 

Octoni.eight together. 

Noni.nine together. 

Deni, denarii.■. . ten together. 

Duodeni. . •.twelve together. 

Viceni.twenty together. 

Simplici.simple. 

Duplici.double; &c. 
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These are compounded with the name of the organ 
whose number is to be expressed—thus: 

Unijlora ; one-flowered ; biflora: 2-flowered, &c. 
tlnifolia or unifoliata, 

Monophylla; 

QuinquefoUa, or pentaphyl 
Pauciflora, or oligophylla; few-leaved. 

Senifolia; five leaves together, &c. ^ 

Care must be taken, however, in these as in all 
other cases, not to combine Latin and Greek words in 
the formation of a compound term; all such being 
inadmissible. 

III. Of Terms of Oualification. 

Terms are most frequently qualified* by the prefix^ 
sub ; which thus employed means somewhat. Thus: 

Sub'jvate ; somewhat ovate. * 

Subrotund; nearly round. 

Submembranaceous; nearly membranaceous in tex¬ 
ture ; and so on. 

The same qualification is sometimes effected by the 
termination escens, or escent. Thus : 

Viridescent; greenish. * 

Glaucescent; slightly glaucous, and so on. 

The prefix ob indicates inversion : thus: 

Obovate ; means inversely ovate, as in flg. 41, d. 
Obcordate ; inversely cordate, as the leaflets of Oxalis, 
or Wood-sorrel. But oboval and oblanceolate 
have no meaning, the two ends of an oval and 
lanceolate body being similar. 

For expressing an intermediate form or quality, two 
terms may be united by a hyphen. Thus, ovate-oblong, 
and ovate-lanceolate, indicate forms intermediate be¬ 
tween ovate and oblong', and ovate and lanceolate. 
Terms of the same kind only can be thus united; thus 
we may not write ovate-acute, long-linear, or pinnate- 
trifoliolate; but instead we say, ovate acute; long 
linear, and pinnately trifoliolate. 


> *one-leaved. 
la; five-leaved. 
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IV. Of Signs. 

The signs adopted Linnaeus for expressing the 
duration of a plant are these : © an annual; ^ a bien¬ 
nial ; a perennial plant, and b a shrpb or tree. 
These are all of the kind met with in the older works. 

Of late, several authors have contrived numerous 
signs ; but the ■‘bllowing, as established by De Candolle, 
comprise all which have as yet come into general use. 

6) A monocarpous plant in general. 

( 1 ^ An annual plant. 

(S^ A biennial plant. 

5 A rhizocarpous plant, i. e. a plant capable of bear¬ 
ing fruit many times; the stem dying down to 
the ground every year. 

. b A caulccarpous, or perennial plant not dying down 
to the ground yearly. 

$ <A staminate flower or plant. 

¥ A pistillate flower or plant. 

SI A perfect flower or plant. 

? The note of interrogation affixed to a specific name 
thus, Pyrola asarifolial signifies that we are not 
sure that this is the proper name of the plant. If 
.. placed thus, Pyrola ? asarifolia, it would mean 
that it was doubtful if the plant in question was 
truly a species of Pyrola. When affixed to the 
name of an author, as Pyrola asarifolia, Michx.? 
Pursh ? Torrey, it indicates that while we are 
confident the plant under consideration is des¬ 
cribed by Torrey under this name, we are 
doubtful if it be the plant thus named by Michaux 
and Pursh. When the note of doubt has a ge¬ 
neral application to all the authors quoted, some 
writers place it at the commencement of the name, 
as ? Pyrola asarifolia, Michx. Pursh, &c. 

! The point of exclamation placed after the name of 
an author, signifies that we have examined a spe¬ 
cimen labelled by the author whose name is cited, 
and are therefore certain that our reference is 
correct: thus, Pyrola asarifolia, Torrey | This 
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sign is also used to authenticate a locality, thus, 
Cunila glabella, Michx. Hab. Near Frankfort, 
Kentucky, Dr. Short! signifies that specimens 
collected by that botanist; at the above specified 
locality, have passed under our inspection, 
t When this mark is annexed to a name it signifies 
that there is some obscurity resting upon the 
subject. It is however seldom use^. 

Abbreviations. 

As to abbreviations of the names of organs, and of 
the titles of works, no special rules are*laid down, each 
writer adopting whatever system best suits his purpose, 
giving the necessary explanations in the proper place. 
The names of authors, however, are subject to some 
rules in this respect. Names of a single pliable should • 
be written out in full. Names of two or more syllables 
are usually abridged by writing only the first syllable 
and the first letter of the second. Thus Linn, for Lin- 
na:us; Willd. for Willdenow ; De Cand. for De Can¬ 
dolle; Muhl. (or Muhlenberg; Nutt, for Nuttall, &c. 
This rule is sometimes departed from, to avoid a 
similarity to some other abbreviated name; thus Michx. 
is preferable to Mich, for the name of Michaux; the 
latter being the customary abbreviation forMicheli, an 
Italian botanist. 
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I. Of Collecting and Preserving Plants for an 
I Herbarium. 

To any one desirous of obtaining a correct know¬ 
ledge of the Vegetable Kingdom, little need be said in 
recommendation of the universal practice of botanists in 
collecting and [Preserving in different ways, specimens 
of whatever plants may fall within the scope of their 
observation. These collections were formerly called 
a Hortus Siccus; but the nan.e Herbarium is now 
universally adopted. Apart from the actual practical 
knowledge which a student will necessarily derive from 
collecting, determining, and arranging a large number 
of species for himself, a moment’s reflection will at once 
shew that such a collection is absolutely indispensable 
to all who would attain to any thing like a proficiency 
in the science of botany. When it is considered that 
about 80,000 species are already known to botanists, i 
wi'fl be scarcely necessary to add, that no one can pre 
tend to trust to his unassisted recollection, even ir 
respect of plants which have frequently passed unde: 
his observation. Indeed, in the case of large and diffi 
cult genera, such for instance as Carex, Salix, &c., i 
has been found absolutely impossible to define the die 
Unctions between closely allied species, in such pre 
cise written terms as shall preclude the possibility c 
mistake. Hence many errors as to the identity r 
particular species have been ultimately cleared up b 
the actual inspection of the plants in the Herbaria t 
the authors who first described them. Were it not fc 
his collections, one half of the year would be lost * 
the working botanist; and, in respect to the student, 
may be questioned whether he would not without sue 
assistance forget during the season of winter, a lart 
proportion of the summer’s acquisitions. It is, ho 
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ever, needless to say more upon this point; since even 
the beginner will very soon experience for hin)self the 
absolute necessity of preserving for further and future 
examination the plants which from time to time he may 
be able to collect. Specimens liave been preserved in 
spirits; and in the case of ripe pulpy fruits perhaps no 
better mod'e can be devised; but for an entire collec¬ 
tion it becomes very expensive, and for the purpose of 
arrangement and reference, so large a number of bottles 
would be found troublesome and inconvenient. The 
mode of preservation by drying and pressing, is now 
therefore universally adopted, as combining the greatest 
amount of practical utility with the most economy, des¬ 
patch, and convenience. Our limits will not permit us 
to go at length into all the suggestions and more minute 
details which different botanists have recommended as 
best calculated to redlize the end propp‘'ed, namely, a 
well-dried and suiheient specimen; we therefore con-* 
tent ourselves with giving a few brief directions upon 
the subject, such as appear to us of the most universal 
applicability; leaving it to the student himself to extend 
the scale of his operations by such increased means 
and apparatus as inclination and convenience may 
suggest. 

Specimens should be gathered if possible on a^dry 
day, since their beauty depends almost wholly upon the 
quickness with which they are dried. Most botanists, 
in their excursions, carry with them a tin box for the 
reception of their specimens. It should be about 15 
or 18 inches in length, 6 inches in breadth, and about 
3 inches deep ; having a lid opening on the top nearly 
throughout its whole length, and secured by a catch. 
In such a box plants will remain fresh and unwithered 
for two op three days, if necessary; but where oppor¬ 
tunity permits, the specimens should be transferred into 
the drying papers at the close of each day’s excursion. 
We, however, prefer the_use of the portfolio to the 
more ordinary tin case. The sides of fjie collecting 
folio should be of moderately stout binder’s board, 
covered with strong muslin, the back and corners being 
of stout leather. 'The folio may be from 12 to 20 inches 
34 
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In length, and from 10 to 12 in breadth; and should 
contain about 50 leaves of thick unsized paper. It 
should be secured by strings, or, what is still better, 
straps and buckles, at each end and in the middle. A 
couple of loops should also be fixed to the cover, for 
the convenience of suspending the folio by a belt pass¬ 
ing over the shoulder. 

Instead of the tin box or portfolio. Dr. Short suggests 
the employment of a bag of India-rubber cloth, made 
like the ordinary travelling bag, except in being broader 
and less deep, so that the specimens may be introduced 
parallel with the mouth of the bag. This plan strikes 
us as well worthy of trial. A similar bag without 
the iron frame at the mouth, will be found extremely 
useful on a long botanical excursion, for enclosing 
several portfolios for more convenient carriage ; whilst 
at the same time the specimens are effectually protected 
from the injurious effects of a shower of rain. A light 
covered basket of wicker-work, lined with India-rub¬ 
ber cloth, may be advantageously employed when the 
object is to collect a large quantity of specimens for 
the Use of a class. 

Arrived at home, the specimens are to be removed 
from the collecting folios, or whatever else may have 
beqn employed for the purpose, and committed to press 
in the following manner. The paper for drying should 
be about 20 inches by 15, and the dryers should consist 
of about 8 or 10 thicknesses of the paper, fastened 
together by a few stitches round the margin. Any 
unsized paper will answer for this purpose f smooth 
wrapping paper, or even old newspapers, being perhaps 
as good as any other. The number of dryers required 
will be of course in proportion to the activity of the 
collector; but if many specimens are to be preserved, 
50 or 100 at least of these dryers should be in readi¬ 
ness for use. A few quires of thin blotting or tea 
paper of the same size as the dryers will also be neces¬ 
sary, and “ With these fixtures yon are prepared for the 
task before you, which consists in placing your plants 
in single sheets of paper, putting these sheets between 
alternate dryers, and subjecting the whole to pressure. 
This is the nicest part of the entire process, and as 
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upon the mode in which it is done, the value and use¬ 
fulness of your collection will depend, particular 
instructions will be given on this head. Take then 
any one plant from the box or folio, and lay it between 
the leaves of a single sheet of your paper, taking care 
to spread i^ out so as to have its parte as little confused 
as possible. In doing this, however, you must give to 
its parts no unnatural direction ; for instance, do not 
give to a flower which naturally droops 'an erect posi¬ 
tion : flower stalks which are attached to but one side, 
must not be turned to both: a crooked or a tortuous 
stem must be left so, and a straight one must not be 
bent: in short, avoid all unnatural stiffness, formality, 
or artificial arrangement of its several parte, and pre¬ 
serve as nearly as possible the natural habit of the 
plant while growing—for as it is now dried it must for 
ever afterwards remam. This sheet, w^h th? plant or 
plants so arranged in it, is then placed on one of the* 
dryers, and another dryer laid on it. ^ 

“ Of the smaller plants a number may be placed in one 
sheet; of the larger, several sheets may be required 
by the different parte of the same plant; but care must 
be particularly taken in arranging them, that the differ¬ 
ent plants thus placed in the same sheet do not overlay 
each other, lest under pressure they should adhere 
together, and otherwise interfere with the dr)flng. 
In this manner you proceed, arranging your plants in 
single sheets and placing these between your dryers, 
until you have exhausted your box or folio, and formed 
a considerable pile. They are now ready for the press. 
Place the pile under your lever, screw, or weights; lay 
a thick board over it of the proper size, and begin the 
pressure, making it at first moderate, so that the plants 
may gradually yield to its influence without suffering 
violence or injury to their texture. In two or three 
hours the pressure may be increased, but not yet to the 
full amount of your power. After remaining in this 
situation for three or four hours longer, you will find, 
on examining them, that all the papers, both single 
sheets and thick dryers, have become quite wet with 
the moisture absorbed from the plants; and they should 
now be changed. This is done simply by shifting the 
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single sheets, without opening them or disturbing tlie 
plants, into fresh dryers, and immediately placing them 
under the press again, which should now be made to 
bear somewhat more heavily on them. Your moist 
dryers are then to be spread out in the open air, and 
in hot sun-shine, (upon boards, or on a flat roof pre¬ 
ferably,) until they are thoroughly dried. In this way 
you continue transferring your sheets with their con¬ 
tents from moist to fresh dryers, at first twice and after¬ 
wards once a day, increasing the pressure at each 
renewal until all moisture is extracted from them, and 
they are rendered flat and perfectly dry. 

“The time required for this process will vary accord¬ 
ing to the nature and peculiarities of the plants acted 
on. As a general rule, and for the most of plants, three 
days will be sufBcient; yet some, as most of the Grasses, 
are sufSciently dried in two days; others, more succu¬ 
lent and tenacious of life, as the Sedums, t^c., require 
as many weeks. These latter and some analogous 
plants even make eflbrls to grow for some days after 
being subjected to the influence of a powerful press; 
others in drying cast off their leaves, as the Fir tribe, 
&.C., and some shed their flowers, as the Agave Vir- 
giniea. To destroy this vegetating principle, and to 
dry^BUch plants more speedily, and without a loss of 
their parts, it is advised to dip them in boiling water, 
and wipe them before they are placed in the sheet. 

“ In pressing at the same time a great variety of plants, 
it is always well to examine them once a day, and to 
remove from the parcel such as are sufficiently dried; 
continuing to act upon the remainder until all are 
finished. It is, however, by no means necessary that 
one parcel should be entirely disposed of before another 
is commenced with. On the contrary, you-may have 
under press at the same time, plants in every stage of 
the drying process, only taking care that thin boards 
are interposed between the different parcels, to prevent 
the moisture pf a fresh collection from aflecting those 
which are dryer.”* 


* InstructUau for the gathering and preservation of plants for Herbaria, 
by C. W. Short, M, D,, Lexington, Kentucky; whose specioiens are 
greatly admired. 
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The press employed may be made after the manner 
of the common Cotton or Cheese-press, in miniature; 
or it may consist of two boards, drawn together by 
strong cords passing from tl)e edges of the lower 
board to the projecting ends of an axle or roller cross¬ 
ing the upper one; and the pressure may be applied 
by means of a lever inserted into mortises in the mid¬ 
dle of the axle, working like a capstan, the force being 
retained by a click and racket wheel. %. most conve¬ 
nient and portable instrument of this kind was con¬ 
trived by Dr. Riddell of Cincinnati, a notice of which 
is published in the Western Journal for July, 1834; 
and Dr. Locke has figured a modification of the same 
in Silliman’s Journal for April, 1836. 

It will be at once obvious that when out upon a long 
botanical tour, the convenience of the press and dry¬ 
ers cannot always be obtained; under such circum- 
s'ances each botanist adopts the plan which when 
travelling he has found most convenient and expedi¬ 
tious. ^Prof. Lindley makes the following suggestions 
for the travelling botanist. 

“ In travelling, when conveniences of this kind can¬ 
not be had, and in wild uninhabited regions, it is better 
to have two or more pasteboards of the size of the pa¬ 
per in which your specimens are dried, and some %tout 
cord or leathern straps. Having gathered specimens 
until you are apprehensive of their shrivelling, fill 
each sheet of paper with as many as it will contain-; 
and having thus formed a good stout bundle, place it 
between* the pasteboards, and compress it with your 
cord or straps. In the evening, or at the first conveni¬ 
ent opportunity, unstrap the package, take a fresh sheet 
of paper, and make it very dry and hot before a fire; 
into the sheet, so heated, transfer the specimens in the 
first sheet of paper in your package; then dry that 
sheet, and shift into it the specimens lying in the se-r 
cond sheet; and so on, till all your specimens are shiftr 
ed; then strap up the package anew, and repeat the 
operation at every convenient opportunity, until all the 
plants are dry. They should then be transferred to 
fresh paper, tied up rather loosely, and laid by." 

A 
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It often happens, however, that new and interesting 
objects present themselves to the botanist when totally 
unprepared for making extensive collections. In such 
cases, very good specimens may be preserved between 
papers at the bottom of a trunk or portmanteau, being 
separated from the other contents by means of a thin 
piece of board or thick pasteboard. Indeed, a botanist 
will find great convenience in having such a false bot¬ 
tom to his ordinary portmanteau, where, by stowing 
away 2 or 3 quires of drying paper, he will be prepared 
in some degree for securing any thing of interest which 
may offer upon a journey not undertaken expressly for 
botanical purposes. If tivo or three pieces of binder’s 
board be covered with coarse muslin, and well painted 
with varnish paint, they will effectually preserve the 
dried specimens from the moisture exhaled by those 
which are drying, and also prevent all dampness from 
reaching the contents of the box. If the papers be 
dried every night, specimens may in this way be very 
well preserved. If nothing better be at hand, plants may, 
when gathered, be rolled up between the folds of some 
old newspapers, and tied loosely round with a string. 
They will remain in this way for one, or even two 
or three days without u'ithering so much but that 
they may be afterwards straightened and dried with to¬ 
lerable success. These hints are given in consequence 
of the frequency with which we hear from our friends 
returned from a jaunt into perhaps a new and interest¬ 
ing part of the country, remarks respecting the beauti¬ 
ful plants they casually met with, mingled with"'regrets 
that they had no possible means of securing specimens 
for their botanical acquaintance. Now, if such well- 
disposed persons would only gather whatever struck 
them upon their journey as new and unusuaU and con¬ 
vey them in the best manner which offered to their 
resting place, it would then be very easy to lay them 
between some double newspapers, and put their travel¬ 
ling trunk upon them for a weight; and in this ivay spe¬ 
cimens of great interest to their botanical friends at 
home might be obtained at small cost of labor to them¬ 
selves. Indeed, almost the only trouble would consist 
in drying the papers every night. 
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Curious fruits, not susceptible of pressure, may be 
well dried laying them in the sun; and they are after¬ 
wards to be kept in drawers with the cones of Firs, 
which from their size and thickness cannot be other¬ 
wise preserved. 

In collecting plants, a botanist should always bear in 
mind the probable wants of his friends and laborers in 
the same held of science. Thus not only will he have 
the high gratification of imparting what he knows will 
be joyfully received, and of contributing to the enlarge¬ 
ment and difiusion of correct knowledge, in which all 
true naturalists have a common interest; but he will 
also by such means be certain of receiving, in exchange 
for his duplicates, the plants of those districts and 
countries which he might be unable to obtain by any 
other means; thus, advancing his own attainments 
whilst promoting those of others. • 

A few words remain to be said on the arrangement 
am' preservation of the specimens in the Herbanium. 
The gi|Tat object to be eilected by this collection being 
convenience in examination and comparison, every bo¬ 
tanist is more or less guided by his own peculiar views 
in the disposition of his Herbarium. Some prefer cases 
for the ultimate reception of their specimens, and others 
folios, which again are made upon many diftprent 
plans. We shall merely suggest a simple method, 
which every student may modify according to his own 
individual taste or convenience. To exhibit the speci¬ 
mens to good advantage, the paper employed should be 
white, or very nearly so, and of a good firm texture. 
Prof. Lindley observes that the best size for the paper 
appears by experience to be 10} inches, by 161. He 
considers a larger size unnecessarily expensive, whilst 
it is certainly less convenient for use. Each species 
should occupy a separate half-sheet, and be fastened 
down to the paper with good strong glue, or by narrow 
pieces of gummed paper .placed at intervals across the 
stems. The latter mode is preferred by some botanists 
on account of the ease with which a specimen may be 
removed if necessary, although it is much more tedious 
than the former. Many botanists leave their specimens 



404 


4PPEMD1X. 


loose upon the paper, which we, howerer, consider as 
exposing them to increased risk of injury. Each spe* 
cimen should be accompanied by a label, indicating the 
name, principal synonyms, place of growth, and time 
of gathering, with any other particulars of interest. 
Where specimens are presented, the name of the donor 
should also appear upon the label. If the plants be 
fastened upon sized paper, these particulars may be 
written directly upon the foot of the sheet; but the ori> 
ginal labels of correspondents should always be pre¬ 
served, as they add materially to the value of the speci¬ 
mens. All the species of a genus should be enclosed 
within a whole sheet, bearing the name of the genus 
upon one of the lower corners outside. The genera of 
a family should follow each other in regular order, ac¬ 
cording to the arrangement of whatever author the 
student adopts as his guide. The families are then to 
be arranged in folios of the exact size of the papers (or 
about one-fourth of an inch larger all around). The 
backs of the folios should be of leather or/cloth, 
strengthened by a piece of pasteboard, and should by 
no means exceed 2i inches in width; indeed an inch 
will be found, on the whole, the most convenient thick¬ 
ness. The folios may be secured by a central string, 
and (tome prefer having the ends also tied, which is no 
doubt essential when the specimens are not fixed down 
to the papers. The edges of the genus-papers should 
be turned inwards, by which means they will be better 
protected from dust. The backs of the folios should 
exhibit the names of the families (and also the genera 
when there are few,) contained in them upon a label, 
which may be fastened with paste or gum so as to be 
changeable at pleasure. The whole number of folios 
may then be arranged in an upright position, either on 
the shelves of a closet, an ordinary book-case of suffi¬ 
cient size, or in a cabinet expressly constructed for the 
purpose. 

The Herbasium should always be kept in a perfectly 
dry room, and the closer and more exactly the doors of 
the closet or cabinet are fitted, the better is the chance 
of protecting the collection from the injurious depre¬ 
dations of insects. 
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Several inodes have been tried for effectually protecting 
herbaria from the destructive ravages of one or two 
species of insects, to which dried specimens are particu¬ 
larly liable. The generally revived opinion at present 
is, that lumps of camphor placet! about the shelves, forms 
the most e^ectual preservative, care being taken to renew 
the material as fast as it evaporates. Spirits of turpen- 
tine suspended in one or two open vials may also be used 
with advantage. The saturation of specimens by a 
poisonous solution, as recommended by some botanists, 
is very tedious, and in our opinion needless, as well as 
on several accounts objectionable. After all the Her¬ 
barium of a diligent botanist will pass^so frequently un¬ 
der his observation, that any very extensive ravages can 
hardly take place without his being aware of it in time 
to check the progress of the destroyers; nevertheless 
the precautions we have indicated ough{ in all cases to 
be adopted. 
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II. A Catalogue of the Natural Orders of the Vegeta- 
hie Kingdom, disposed (chiefly) according to the 
linear arrangement„ adopted by De Candolle.* 


Clase I. FLOWERING PLANTS. 
SUB-CLASS I. 

XXOOSNOrs OR DICOTYLEDONOUS PLANTS. 

Div. I. piehlamydece Thalamifloree. 

Calyx of several sepals. Petals several, distinct, or 
rarely united, sometimes wanting; usually, as also the 
stamens, inserted upon the torus. 

1. Ranunculacese. The Crowfoot Tribe. 
t2. Dilleniacese. The Dillenia Tribe. ^ 

3. Wintereae. The Winter’s-bark, or Star-anise 

Tribe. 

4. Magnoliaceae. The Magnolia Tribe. 

6. Anonaceae. The Custard-apple Tribe. 

6? Menispermaceae. The Cocculus Tribe. 


♦ The arrangement of the orders here presented, is substantially 
that given by De Candolle in his Thiorie ECSmtntairt, and followed in 
his Prodromta Sysl. Veg. as far as published ; the principa! changes 
being those adopted in the arrangement given by Mr. Arnott, in the 
seventh edition of the Encyclopcedia Britannica. The student should 
bear in mind, that, though the orders themselves are natural, their 
subordinate arrangement is artificial; it being obviously impossible to 
contrive an arrangement which shall express their severel alliances. 
It is highly probiuile, as has been already observed, that the orders 
will at no distant period be grouped in a more natural manner; but 
as the arrangement of De Candolle is adopted in most botanical works, 
as well as in the Prodromus of that author, which will for a long 
time be the prindpal manual of botanists; and as it does not essentially 
dMhrfrom the arrangement of Jussieu, I have thought it proper to 
ItPMaat k here in the mrm of a naked catalogue. To give the essen- 
M ctMCMtors of the orders would far exceed the limits allowed to 
Mi eeiypet. 
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7. Berberide 2 e. The Barberry Tribe. 

8. Podophyllaceae. The Mandrake Tribe. 

9. Cabombaceae. {Ex. Cabomba, Brasenia.) 

10. Nymphaeaceae. The Water-lily Tribe. 
Sub-order. 1. Nelumboneae. {Ex. Nelumbium.) 

“ 2. Nymphaceae. {Ex. Nymphaea.) 

11. Sarraceniace®. The Sarracenia Tribe. 

12. Papaverace®. The Poppy Tribe. 

13. Fumariace®. The Fumitory JVibe. 

14. Crucifer®. The Cruciferous Tribe. 

15. Capparide®. The Caper Tribe. 

II16. Resedace®. The Mignionette Tribe. 

tl7. Flacourtiace®. 

tl8. Bixine®. The Arnatto Tribe. 

19. Cistine®. The Rock-rose Tribe*. 

20. Violace®. The Violet Tribe. 

21. 'Droserace®. The Sundew Tribe. 

22. I^>lygale». The Polygala Tribe. 
t23. Tremandre®. 

t24. Tamariscine®. The Tamarisk TVibe. 

25. Frankeniace®. The Frankenia Tribe. 

26. Elatine®. 

27. CaryophylJace®. The Pink Tribe. 

28. Malvace®. The Mallow TVibe. 

■t29. Dombace®. The Cotton-tree Tribe. 
t30. Byttneriace®. The Chocolate Tribe. 

31. Tiliace®. The Linden, or Bass-wood Tribe. 
t32. Dipterocarpe®. The Camphor-tree Tribe. 
t33. Chlenace®. 

34. Ternstrffimiace®. The Tea, or Camellia Tribe. 
t35. Olacine®. 

II36. Aurantiace®. The Orange Tribe. 

37. Hypericines. The Hypericum, or St. John's- 
wort Tribe. 
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t38. Reautnurieee. 

t39. Guttifereae. The Gamboge Tribe. 
t40. Marcgraviaceae. 
t41. Hippocrateaceae." 
t42. Erythoxyleae. 

t43. Malpighiacese. The Barbadoes Cherry Tribe. 

44. Acerineffi. The Maple Tribe. 

45. Hippocastaueae. The Horse-chestnut Tribe. 
t46. Rhizoboleae. 

t47. Sapindaceae. The Soap-tree Tribe. 

1148. Meliaceae.. The Pride-of-India Tribe. 

49. Cedrelaceae. The Mahogany Tribe. 

50. Ampelideae. The Vine Tribe. 

51. Lineae. The Flax Tribe. 

52. Geraniaceae. The Geranium Tribe. 

53. Balsaraincae. The Balsam Tribe. 

1154. Tropaeoleae. The Nasturtium Tribe. 

55. Oxalideae. The Wood-sorrel Tribe. 
t56. Pittosporeae. The Pittosporum Tribe. 
t57. Brexiaceae. 
t58. Connaraceae. 

59. Zygophylleae. The Guaicum Tribe. 

B60. Rutaceae. The Rue Tribe. 

l|6l. Diosmeae. The Diosma, or Fraxinella Tribe. 

62. Lymnantheae. Ex. Flcerkea. 

63. Zanthoxylaceae. The Prickly-Ash Tribe. 
t64. Simaroubeae. The Quassia Tribe, 

t65. Ochnaceae. 
t66. Coriarieae. 
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Div. II. Dichlamydeas Calycijlora. 

Calyx composed of several sepals, more or less 
united at the base. Petals distinct or united, and, as 
also the stamens, adherent to the sepals; or rather 
springing'from a thin expansion of the torus, which 
lines the bottom of the calyx. 

^1. Epipetalae. 

t67. Stackhousieae. 

68. Celastrineee. The Celastrus Tribe. 

69. Staphylleacess. The Bladder-nut Tribe. 

70. Rhamneas. The Buckthorn Tribe. 

71. Terebinthacea^. 

Sub-order 1 . Anacardiaceae. Thi Sumach Tribes 
t “ 2. Spondiaceae. The Hog-plum Tpibe. 

t “ 3. Burseraceae. 

V “ 4. Amyrideae. 

72. Leguminosae. The Pea Tribe. 
t73. Moringeae. 

74. Rosaceae. , 

Sub-order 1. Chrysobalaneae. The Cocoa-plum 

T'ibe. 

“ 2. Amygdaleae. The Almond Tribe. 

, “ 3. Spiraieae. The Spireea TYibe. 

“ 4. Sanguisorbcae. The Burnet Tribe. 

“ 5. Potentilleaa. The Potentilla, or 

Strawberry Tribe. 

' “ 6. Roseae. ’Hie Rose Tribe. 

“ 7. Poraaceaa. 'The Apple and Pear 

Tripe. 

75. Calycantheaa. Hie Carolina-allspice Tribe. 

76. Salicarieae. The Lythrum Tribe. 

77. Ceratophyllaceae. The Hornwort Tribe. 

35 
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78. Rhizophores. The Mangrove Tribe. 
t79. Vochysiacew. 
f80. Combretaces. 
t81. Memecyles. 

82. Melastomacea*. Ex. Bhexia. 

183. Alangies. 

84. PhUadelpbieae. The Syringa Tribe. 
t85. Myrtacefc. The Myrtle Tribe. 

88. Onagrariffi. The Evening Primrose Tribe. 

87. Halorageffi. The Water-milfoil Tribe. 

88. Loaseee. Ex. Bartonia, PursA 

89. Cucurbitaceae. T%e Gourd, or Cucumber Tribe. 

90. Papayacese. The Papaw Tribe. 
t91. Belrisiaceae. 

92. PassiflorEse. The Passion-flower Tribe, 

93. Turneracese. Ex. Turnera. 
t94. Fourquieriace®. 

95. Portulaccae. The Purslane Tribe. 

96. Paronychiacese. Ex. Anychia, Spergula. 

97. Crassulaceee. The House-leek Tribe. 

98. Ficoideae. Ex. The Ice-plant, 
t 99. Nitrariaceae. 

flOO. Surianeaa. Ex. Suriana. 

101. Cacteae. The Prickly-pear, or Cactus Tribe. 

102. Grossularieae. The Currant Tribe. 

103. Qalacineae. Ex. Galax. 

104. Saxifragaceae. The Saxifrage Tribe, 
tl05. Bruniaceae. 

106. Hamamelideae. The Wych-Hazel Tribe. 

§i2. Epipetalae. 

107. Umbeiliferae. The Umbelliferous Tribe. 

108. Araliaceae. The Aralia, or Ginseng Tribe. 

109. ComeK. The Dogwood T'ibe. 
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$3. Epicorolle. 

119. Loranthacete. Tke Miiletoe THbe. 

111. Caprifoliaceie. The Hgneysuckle Tribe. 

112. Rubiaceie. The Madder (and Peruvian hark) 

Tribe. 

113. Yalerianee. The Valerian Tribe. 

114. Dipsaces. THe Scabious Tribe) 
tll5. Calycerese. 

tll6. Globularitiee. 

117. Composite. Tke Sunfiower Tribe. 

§ 4. Pericorolls. 

fllS. BruooniaceGB.^ 
tll9. Goodenoviffi. 

■tl20. Stylidiese. 

121.. Lobeliacee. Tke Lobelia 'Tribe. 

122. ^^mpanulaceffi. Tke Bell-Jlovxr Tribe. 
tl23. Gosneriacese. 

124. Ericineffi. The Heath Tribe. 

Sub-order 1. Ericeae. 771c HeaA Tribeproper. 

“ 2. Vacciniese. Tke Whortleberry 

Tribe. 

" 3. Monotropese. Ex. Monotropa,. 

Pyrola. 

tl25. Epacrideas. 
fl26. Columelltaceae. 

127. Styracese. Tke Sty rax Tribe. 

Dit. IIL Dicklamydea CoroUiflora. 

Petals united into a monopetalous hypogynous 
corolla (not adherent wi^ the calyx). 

128. Ebenaceae. Tke Ebony Tribe. 

129. Ilicinea. 7%e HoUy Tribe. 
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130. Sapoteas. Ex. Burnelia. 
tl31. Myrsineae. 

II 132. Jasminese. The Jasmine Tribe. 

133. Oleaceae. The OHve Tribe. 

134. Asclepiadeaa. The Milk-weed Tribe. 

135. Apocyneae. The Dogbane Tribe. 
tl36. Loganiaceae. 

tl37. Potaliaceae. 

138. Spigeliaceae. The Pink-root Tribe. 

139. Gentianeae. The Gentian Tribe. 

140. Bignoniaceas. The Bignonia Tribe. 

II 141. Cobaeaccae. Ex. Cobaea. 

142. Polemoniaceas. The Polemonium Tribe. 

143. Hydroleaceae. Ex. HydroJea, Diapensia. 

144. Convolvufaceae. The Morning-glory Tribe. 
tl45. Cordiaceae. The Cordia Tribe. 

146. Boragineae. The Borage Tribe. > 

147. Hydrophyllaceaj. The Waterleaf Tribe. 

148. Solaneae. The Nightshade Tribe. 

149. Scrophularineae. The Scropkularia Tribe. 

150. Orobancheae. The Beech-drop Tribe. 

151. Verbenaceae. The Vervain Tribe. 

152. Myoporine®, 
tl53. Selagine®. 

154. Labiatae. The Mint Tribe. 

155. Acanthace®. The Justicia Tribe. 

156. Lentibulari®. The Utricularia Tribe. 

157. Primnlace®. The Primrose Tribe. 

158. Plumbagine®. The Marsh-Rosemary Tribe. 

159. Plantagine®. The Plantain Tribe. 

160. Nyctagine®. The Mirahilis Tribe. 

161. Amaranthaces. The Amaranth Tribe. 
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Dit. IV. Monochlamydee. 

Floral envelopes single; the corolla wanting or 
confounded with the calyx. • 

162. Chenopodese. The Pigweed Tribe. 

163. Phytolacce«. The Poke Tribe. 

164. Polygoneae. The Buckwheat JVibe. 
tl65. Begoniaces. Ex. Begonia. 

166. Laurineae. The Laurel Tribe. 
tl67. Heraandiacew. 
tl68. Myristiceie. The Nutmeg Tribe. 
tl69. Proteaceae. The Protcea Tribe. 

170. Elseagneae. The Oleaster Tribe. 
tl71. Penseaceae. » 

172. Thymeleae. The Daphne, or Lace-bark Tribe. 
tl73. Aquilarineae. * 

1174. Ch^illetiaceae. 
tl75. Sartiydeae. 

■fl76. HomalinesB. 

177. Santalace®. The Sanders-wood Tribe. 

178. Aristolochieae. The Birthwort Tribe. 
tl79. Cytineae. 

Sub-order. 1. Rhizan these. Ex. Rafflesia. 

, “ 2. Nepentheae. Ex. Nepenthes, the 

East Indian Pitcher-Plant 

180. Datisceae. 

181. Empetreae. The Empetrum Tribe, 

182. Euphorbiaceae. TAc Euphorbia Tribe. 

183. Urticaceae. TAe Nettle Tribe. 

184. Ulmaceae. The Elm Tribe. 

185. Artocarpeae. TAc Bread-fruit Tribe. 
tl86. Monimiee. 

tl87. Atherospermes. 


35* 
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+188. Lacistemeae. 
tl89. Chloraiitheae. 

190. Piperaceaj. The Pepper Tribe. 

191. Podostemeae. Ex. Podostemum, Michx. 

192. Saururese. Ex. ^aururus, or Lizard’s-Tail. 

193. Amentace®. 

Sub-order 1. Salicincae. The Willow Tribe. 

“ 2. Myriceae. The Bayberry Tribe. 

“ 3. Betulinese. The Birch Tribe. 

“ 4. Plataneae. The Button-wood Tribe. 

“ 5, Cupuliferae. The Oak Tribe. 

tl94. Stilagineae. 

195. Juglaudeae. The Walnut Tribe. 

196. Coniferae. I'he Fir Tribe. 

197. Cycadeae., The Cycas, or ^ago Tribe. 


SUB-CLASS II. 

ENDOGENOUS OR MONOCOTYLEDONOU8 PL/lNTS. 

Div. I. Petaloidece. 

198. Hydrocharideae. The Frog-bit Tribe. 
tl99. Balanophoreae. 

200. Orchideae. The Orchis Tribe. 
t201. Scitamineae. The Ginger Tribe. 

202. Marantaceae. The Arrow-root Tribe. 
t203. Musaceae. The Banana Tribe. 

204. Irideae. The Iris Tribe. 

205. Burmanniae. Ex. Burmannia. 

206. Haemodoraceae. The Red-root Tribe. 

207. Amaryllideae. The Narcissus Tribe. 

208. Hypoxideae. The Hypoxis Tribe. 
t209. BarbacCnicar. 

210. Dioscorineae. The Disocorea Tribe. 
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211. Smilaceae. The Green-briar Tribe. 

212. BromeliacesB. The Pine-Apple Tribe. 

213. Asphodeleae. The Hyacinth Tribe. 
t214. Gilliesieoe. The Gillie^ia Tribe. 

215. Palma;. The Palm Tribe. 

216. Liliaceae. The Lily Tribe. 

217. Melanthacea-. The Colchicum Tribe. 

218. Pontederiaceae. The Pontederid Tribe. 

219. Commelineae. The Commelina Tribe. 

220. Alismaceae, The Water-plantain Tribe. 

221. Juncagineae. Ex. Scheuchzeria. 
t222. Pandaiieae. The Screw-pine Tribe. 

223. Aroidcae. The Arum Tribe. 

224. Pistiacese. The. Duck-weed Tribe. 

225. Typhaceas. ^The Cat-tail Triba 

226. Fluviales. The Pond-weed Tribe. 
227..Restiaceae. Ex. Eriocaulon. 

M 223. XVrideoe. The Xyris Tribe. 

229. Jimceae. The Juncus Tribe. 

Div. II. Glumacew. 

230. Cyperaceae. The Sedge-grass Tribe. 

231. Graminea;. The Grass Tribe. 


Class II. FLOWERLESS PLANTS. 
SUB-CLASS I. 

riBRO-VASCULAR FLOWERLESS PLANTS. 

232. Equisetaceae. The Equisetum TVibe. 

233. FUices. The Ferns. 

234. Marsileaceae. 

235. Lycopodiaceae. The Club-moss Tribe. 
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SUB-CLASS II. 

CELLULAR FLOWERLSSS FLANTI. 

236. Musci. TAe Mosses. 

237. HepaticiB. The Limerworts. 

238. Characeae. TAc Ckara TVibe. 

239. Lichenes. The Lichen Tribe. 

240. Fungi. The Mushroom Tribe. 

241. Algae. The Sea-weeds. 


Obs. The orderu in our enumeration distinguished 
by the sign (f) are wholly exotic, no plants belonging 
to them being natives of North America; the Mexican 
dominions, of corrse, being excluded. The orders thus 
designated (||) are also exotic, but have well-known 
reprerentatives in our gardens. The remaining families 
comprise all the indigenous plants of this country, so 
far as is now known. 

Our plants, however, are by no means equally^divided 
between these orders; the number of species having 
nothing to do with the distinctness of a family. Thus, 
we find by consulting Prof. Torrey’s catalogue of the 
Orders and Genera of North American plants, appended 
to the American edition of Lindley’s Introduction to 
the Natural System, (which being the latest enumera¬ 
tion we adopt as the basis of these remarks,) that of 
about 160 orders among which North American plants 
are divided, 17, viz; Cedreleae, Cycadeae, Datiscese, 
Dipsaceae, £benace8e,Elatine(B,GalacineEe, Myoporineae, 
Papayaceae, Piperaceae, Podostemeae, Rhizophoreae, 
SaururesB, Spigeliaceae, Staphyleaceae, Thymeleae, and 
Turneraceae, include each but a single indigenous spe¬ 
cies ; and 24 additional orders comprise severally 2, 3, 
and 4 species. It appears, therefore, that although our 
country furnishes examples of two-thirds of the known 
families of plants, yet the greatest part of them are 
included in comparatively few orders. The whole 
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number of North American plants, as enumerated 5 
years since in the catalogue just referred to, is 8,334, of 
which 4,273 are Flowerless Plants. This estimate, doubt¬ 
less, falls much below the true number, which, according 
to a calculation founded on idic increase of several 
families that have recently undergone a careful revision, 
is about 5,000. The present ratio will, however, be 
very slightly if at all affected by the increase. To 
give a view of the families to which our vegetation 
principally belongs, and in which, therefore, the student 
is more especially interested, we subjoin the following 
list, the number of species as determined in 1831 being 
annexed to the name of each family. 


Coraposito), 56G Polygonese, 47 

Gramineae, 330 Genlianese, 44 

Cyperacea;, 250 Asclepiadeaj, 43 

LegnminosiB, * 236 Rubiaceae,, 39 

Rosacea;, 158 Polemoniaceae, 38 

Crucifera!, 136 Boraginese, , 35 

ScrophularinesB, 131 Violaceas, 35 

Amentaceaj, 120 Convolvulaccae, 35 

Labiatae, V 108 Solaneae, 34 

Ericineae, ’ 108 Primulacese, 31 

Ranunculacese, 107 Coniferae, 31 

Umbellifera;, 69 Chenopodeee, , 31 

Onagrarite, 69 Liliacese, 29 

Saxifragaces, 67 Malvaceae 28 

Orchideae, 62 Junceae 24 

Caryoph^llaceaj, 57 Melanthaceae, 24 

Caprifoliaceae, 53 Polygaleae 23 

Euphorbiaccae, 52 - 


Total amount of species in 35 Orders, 3,250 

It appears, therefore, that the 35 orders nere enume¬ 
rated comprise thirteen sixteenths of the North Ameri¬ 
can plants; and of these, moreover, the 9 families at the 
head of the list include one-half of the whole number. 
No inconsiderable knovVledge of North American 
botany, therefore, maybe gained by a thorough acquaint¬ 
ance with a very small number of families. 
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Page 31, line 18 from bottom, for tubiferous, read 
tuberi>ferou8. 

'* 69, last line, for conteiniAg, read containing. 

“ 133, note, for stryraciflua, read styraciflua. 

“ 180, line 1, for lonardia, read knardia. 

“ tl7, line 16 from bottom, after endocarp, insert 
“ and the intermediate portion the mesocarp.'^ 

“ 324, note, line 10, (in some copies) for “ the ovary 
w,” read “ the ovary 

" 227, line 3 from bottom, fcr Spbalerocarpvm, 
read SI^halerocarpiom. 

“ 228, note, line 3 from bottom, (in some copies) for 
' “ flesh, frnit,” read fleshy fruit. 

“ 250, note, last line, (in some copies) for “ which 
burst through coleorhiza,” read vfnich has 
burst through tAe coieorhiza. 

" 255, line 11 from bottom, for Marsiltaces, read 
Marsileacese. 

“ ' 265, for Marsiuace£, read MARsiiiACEiG. 

“ 274, last line, (in some copies) for Yulgaris, read 
vulgaris. 

“ 276, first line, for Lichenes, read Lichens. 

“ 316, line 14 from bottom, for pinnatifled, read 
pinnatifid. 

" 333, line 20 from top, for Monochlamydsit read 
Monochlamyde^. 

368, line 11 from bottom, for Eridentate, read 
Tridentate. 
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Abnormiit, 365. 
AcauleacenI, 33. 
Accumbent, 343. 
Aceroae, 366. 
Acheniutn, 333, 335. 
Acicular, 366. 
Acinaciformia, 364. 
Acuminate, 369. 
Acute, 368. 

Adnate, 

Agamoua plants, 3SS> 
^ad trees, 50. 
^Estivation, 176. 
iBtcrio, 233. 

Air-cells, 15. 

Alate, 364.. 
Alburnum, 239. 
Algae, 282. V 
Alternate, 9& 
Alveolate, 375. 
Amen^ 169. 
Amphiswca, 335. 
Amplexicaul, 388. 
Anamorphosis, 75. 
Anatropous, 203, 337. 
Ansipital, 363. 
Angled 370. 

Annual, 380. 
Annulus, 261, 280. 
Anther, 190, 152. 
Anthodium, 172,183. 
Apetalous, 184. 
Apiculate, 369. 
Apocarpous, 197. 
Apophysis, 370. 

• Apothecium, 277. 
Arachnoid, 377. 
Arsol, 878. 

ArOlus, or aril, 235. 
Aristate, 369. 


Arrow-shaped,%0, 367. 
Articulate, 373. 
Artificial systems, 993. 
“ classes, 394. 

“ orders, 289. 
Ascending, 385. 
Aspergilluofm, 196. 
Attenuate, 368. 
Auriculate, 367. 
Awl-shaped, 366. 

Awn, 158. 

Awned, 369. • 
Axe-shaped, 364. 

Axil, 76. 

Axillary, 389. 


Bacca, 227. 

Balausta, 227. 

Balsams. 133. 

Banded, 

Barbs 24. 

Bark, 43. 

Basal, 389. 

Bearded, 377. 
Bell-shaped, 182, 364. 
Berry, 231. 

Biennial, 380. 

Bifarious, 391. 
Bifoliolate, 375. 
Bijugate, 374. 

Buabiatc^ 364. 
Bipinnate, 89,374. 
Bipinnately deft, Ac. 3' 
Black, 382. 

Bladdery, 365. 

Bony, 379. 

Boroeted, 384. 
Brachiate, 387. • 
Bracts, 154. 

Bracteolas, 1S4. 



420 

Branched, 373. 
Breathing-pores, 20. 

Bristles, 24. 

Brsitle-pointed, 369. 
Bristle-shaped, 366. 

Brown, 382. 

Bryophyllum, 69. 

Buds, 65. 

“ adventitious, 69. 

Bulb, 3S, 69. ^ 

Caducous, 381. 

Ceespitose, 391. 

Calyptra, 268. 

Calyx, 177, 152. 

*• bilabiate, 178. 

“ gamosepalou8,'178. 

“ inferior, 179. 

“ polysepalous, 173. 

« superior, 179. 
Campanulate, 182, 364. 
CarapulitropouB, 204, 237. 
Canaliculate, 363. 

Canescent, 377, 382. 

Capillary, 363. 

Capitate, 368. 

CapituluiD, 172. 

Capsule,. 225, 230. 

Carcerulus, 224. 

Carina, 183. 

Carinrte, 363. 

CartilasiuouB, 379, 

Carunr^ S35. 

Catkin, 169. , 

Caudate, 369. 

Caulescent, 33. 

Cauline, 96, 389. 

CaulocarpouB, 380. 

Caryopsis, 224,228. 

Cellular integument, 44. 
Cellular Flowerless plants, 255, 
330. 

Cellular tissue, 2. 

Ceratium, 225. 

Gernuus, 386. 

Chaffy, 277.. 

Chalaza, 203, 236. 

Channelled, 363. 

Chataoeas, 274. 

ChartacM^ 979. 
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Chestnut-brown, 382. 
Cbromulc, 6, 128. 
Cirrhous, 369. 

Classes, 283. 292. 
Classification, 286. 

Claw, 181. 

Clasping, 388. 

Clel^ 199, 371. 

Climbers, 34. 

Climbing, 386. 

Clouded, 384. 
Club-mosses, 264. 

Ciliae, 269. 

Ciliate, 377. 

Circinate, 386. 

Cobwebby, 377. 

Collet, 27. 

Colored, 381. 

Coloring principles, 137. 
Columella, 219, 270. 
Coraa,'’238, 246. 
Compound, 373. 
Compressed, 363. 
Conceptaculum, 224. 
Conical, 362. 

Coniferous wood, 9, 46. 
Conjugately pinnate, *74. 
Connate, 388. / 

Connectivum, 191. 
Connivent, 387. 

Conoidal, 362. 

Contorted, 177. 

Convolute, 386. 

Cordate, 86, 367. 
Coriaceous, 379. 

Corky, 379. 

Corolla, 180. 

Gormus, 37. 

Corona, 184. 

Cortical integument, 44. 
Corymb, 171. 

Cotyledons, 241. 
Cremocarpium, 227, 228. 
Crenate, 84, 370. 

Crested, 364. 

Cristate, 364. 

Crustaceous, 379. 
Cryptogamous plants, 252. 
Cucullate, 365. 

Culm, 34. 
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Caneate, 366. 

Cuneiform, 366. 
Cup-shaped, 365. 

Cupulc, 156. 

Curve-veined, 82. 
Cuspidate, 369. 

Cuticle, 18. 

Cyathiform, 365. 
Cylindraceous, 362. 
Cylindrical, 362. 

Cyme, 173. 

Cynarrhodum, 224. 
Cypsela, 226. 

Deciduous, 99, 381. 
Declined, 386. 
Decompound, 89, 373. 
Decumbent, 387. 
Decurrent, 388. 

Decussate, 391. 

Dehiscent, 218. * 

Deltoid, 367. 

Dentate, 370. 

Denticulate, 370. 
Depauperate. 391. 
Depressed, 336. 
Descending, 385. 
DolabriforcJs, 364. 
Diadelphouiu, 189.' 
Diclesium, 227. 
Dichotomous, 373. 
Dicotyledonous, 241. 
Didynamous, 189. 

Dimise, 387. 

Digitate, 87, 372. 
Digitately pinnate, 374. 
Dimidiate^ 269, 368. 
Diplotegia, 227. 

Disk, 201. 

Disk-florets, 183. 
Dissepiments, 197. 
Divided, 37J. 

Divaricate, 387. 

Dorsal, 389. 

Dotted, 384. 

Drupe, 223,228. 

Ducts, 12. 

Dull, 378. 

Dwarf, 379. 

Ecbinate, 376. 


Elaiodine, 134. 

Elasticity, 104. 

Elatcrs, 272. 

Elementary Organs, 1. 

Ell, 380. 

Elli^itical, 366. 

Emarginate, 368. 

Embryo, 240. 

Emersed, 387. 

Endocarp, 217. 

Endogenous plants, 40, 329. 
Endogenous structure, 51. 
Endorhizee, 250. 
Endosmosis, 106. 
Endosperm, 239. 

Ensiform, 366. 

Entire, 368l 
Epicarp, 217. 

Epigteous, 

Epigynous, 188. 
Epiphyllous, 389. 

Epiphytic, 389. 

Episperm, 239. 

Equisetaceie, 256. 
Equilateral, 368. 

Erect, 385. 

Erose, 370. 

Ergot, 280. 

Evaporation, 116. 

Even, 376. 

Evergreens, 99. 

Excitability, 107. 
Excretions, C29. 
Exembryonateee, 253. 
Exogenous plants, 40, 238. 
Exogenous structure, 40. 
Exoraizse, 250. 

Extensibility, 104. 

Falcate, 367, 

Fan-shaped, 364. 
Farinaceous, 239. 

Farinose, 377. 

Fascicle, 173. 

Fascicled, 99' 

Fastigiate, 391. 

Favose, 375. 
Feather-veined, 79. 

Fecnla, 124. 

Ferns, 259. 

Fertilization, 204. 

86 
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HabeUiform, 364. 

Fibrous, 379. 

Fibrous cellular tissue, 4. 
Fibro-membranous cellular tis¬ 
sue, 4. 

Fibro-vascular Flowerless plaifts, 
255, 330. 

Filices, 259. 

Filament, 152, 186. 

Filiform, 362. 

Fimbriate, 378. ' 

Fissus, 371, 

Fistulous, 363. 

Flexuose, 386. 

Floating, 387. 

Floral, 96. , 

Floral Envelopes, 176. ' 

Flower, 151. 

“ acblamydeous, 154. 

“ complete, 154. 

“ diclinous, 153. 

. “ dioecious, 1 dll. 

moncBcious, 154. 
naked, 154. 
nature of, 158. 
perfect, 153. 
pistillate, 153. 
separated, 153. 
staminate, 153. 
Flowering plants, 328. 
FlowerUss plants, 252, 330. 
Foliole, 77, 87. 

Follicle, 223. 

Food of plants, 108, 110. 
Font-stalk, 76. 

Foramen, 202. 

Fork-veined, 78. 

Fugacious, 99, 381. 

FuSgiuose, 382. 

Fumitory tribe, 38. 

Fungi, 279. 

Funiculus, 201. 

Funnel-shaped, 364. 

Furcate, 373. 

Furrowed, 375. 

Fuscous, 382. 

Fusiform, 30, 362. 

Free, 388. 

Fringed, .378. 

Frond, 277, 282. 

Fruits, 223. 


Fruits, aggregate, 229. 

“ compound, 230. 

“ collective, 232. 

“ pscudospermic, 227. 
*■ simple, 223. 

Galea, 182. 

Geminate, 391. 

Genera, 288, 291. 
Geniculate, 386. 

Germen, 195. 

Germination, 248. 

Gibbous, 363. 

Glabrous, 378. 

Gladiate, 366. 

Glandular, 378. 

Glandular hairs, 25. 
Glandulose, 378. 

Gians, 226. 

Glancescent, 

Glancous, 379. 

Globose, 362. 

Globuline, 6. 

Glomerate, 391. 

Gloroerale, 173. 

Glumes, 157. 

Glossology, 360, 

Gourd tribe, 3. 

Gray, 382. 

Gum, 123. 

Oynandrous, 188. 

Gyrate, 386. 

Bairs, 22. 

Hairy, 376. 

Halbert-shaped, 86. 
Hastate, 86, 367. 

Head, 172. 

Heart-shaped, 86, 36 
Heart-wood, 46. 

Helmet, 182. 

Hepaticte, 272. 

Hepatic Mosses, 272. 
Herbaceous, 34, 379. 
Hesperidium, 226, 231. 
Heterotropous, 204. 
Hidden-veined, 86. 

Hilum, 204, 234. 

Hirsute, 376. 

Hoary, 382. 

Hooded, 365. 
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Horizontal, 385. 

Horny, 379. 

Horse-tails, 256. 
House-leek, 20. 

Hybrids, 290. 
Hygroscopicity, 105. 
Hymenium, 279. 
Hypocrateriform, 182. 364, 
Hypogajous, 389. 
Hypogonous, 187, 37. 
Hysteranthous, 380. 

Imbricated, 177. 

Incanus, 377. 

Incised, 371. 

Inclined, 386. 

Incumbent, 243. 

Incurved, 386. 
tndehiscent, 218. 
Individuals, 288. 
Inequilateral, 92, 363. * 

Inflated, 365. 

Inflexed, 386. 
Inflorescence, 169. 
Infundibuliform, 182, 364. 
Innate, 388. 

Integer, 330. 

Intsgerrimiis, 369. 
Intercellular passages, 14. 
Intemode, 33. 

Interrupted, 391. 

Involncel, 1.56. 

Involucre, 156. 

Irregular, 365. 

Irritability, 107. 

Jelly, 1S». 

Juice, descending, 121. 

“ milky, 131. 

“ nounshing, 122. 

“ proper, 129. 

“ resinous, 132. 

Keel, 183. 

Keeled, 363. 
Kidney-shaped, 367. 
Knobby, 364. 

Labiate, 182, 364. 
Laciniate, 371. 

Lacunose, 375. 


Ltevigatus, 378. 

Lamina, 76. 

Lanate, 377. 

Lanceolate, 366. 
Laniiginose, 377. 
Ltaf-buds, 65. 

Leaflet, 77, 87. 

Leaf-stalk, 76, 90. 

Leaves, 72. 

Leathery, 379. 

Legume, 223, 224. 
Lenticels, 26. 

Lenticular, 262. 

Lepidote, 377. 

Leprous, 377. 

Liber, 4L 

Lichenes, or Lichens, 276. 
Lid, 269. 

Lignin, 126. 

Ligulate, 185, 366. 

Limb, 76. 

Linear, 79, %66. 
Linguiformis, 364. * 

Linneean classification, 293. 
Liverworts, 272. 

Lobed, 74, 371. 

Loculicidal, 220. 

Lodicula, 158. 

Loment, 223, 225. 
Lomentaceous, 90. 

Lorate, 366. 

Lucidns, 378. 

Lurid, 382. 

Lycopodiaceie, 264. 

Lyratc, 370. 

Marbled, 

Mareescent, 381. 

Marginal, 389. 

Margined, 384. 
Marsileaceee, 265. 

Medulla, 42. 

Medulle, 6. 

Medullary rays, 43. 
MeduUary sheath, 38. 
Membranaceous, 379. 
Mesooarp, 217. 

Micropyle, 266. 

Midrib, 74. 

Mitriform, 269. 
Monadelphous, 188. 
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Moniliform, 364. 
Monocarpous, 3S0- 
Monocotyledonoiis, 241. 
Moiiopotalous, 181. 
Mosses, 266. 

Mucous, 379. 

Mucronatc, 369. 
Multijvigate, 374. 

Muricate, 376. 

Muriform cellular tissue, 4. 
Musci, 266. 

Mushrooms, 279. 

Muticus, 369. 

Naked, 378. 

Napiform, 30, 362. . 

Natural orders, 293. 

“ catalogue of, 407. 
Natural system, 311. 

Neck, 27. 

Nectary, 158. „ 

Needle-shaped, 366. 
Nerves, 74. 

NetteJ; 375. 

Netted-veined, 78. 

Neutral principles, 136. 
Nitidus, 378. 

Node, 33. 

Nomenclature, 355. 
Normal, 365. 

Nucleua^202. 

Nnculaniura, 226. 

Nutant, 386. 

Nutrition, 103. 

Nut, 229. 

Obcordate, 363. 

Oblique, 92, 368. 

Oblong, 366. 

Obovate, 80. 

Obtuse, 368. 

Ocellated, 385. 

Ochress, 101. 

Offset, 35. 

Oils, fixed, 134. 

“ volatile, 133. 

Oleine, 134. 

Operculum, 269. 

Opposite, 96. 

Orbicular, 366. 

Orders, 238, 292. 


Organs of Vegetation, 16. 

“ compound, 17. 

“ external, 17. 

“ fundamental, 18. 

“ of nutrition, 18. 

“ of Reproduction, 151. 
Orthotropous, 203, 237. 

Oval, 366. 

Ovary, 152, 195. 

Ovate, 80. 

Ovoidal, 362. 

Ovules, 201. 

Painted, 

Palaceous, 377. 

Palate, 182. 

Palese, 158. 

Palmate, 31, 371. 

Paimately cleft, &c., 372. 
Palmatisectus, &c., 372. 
Palminerved, 81. 

Pandurate, 368. 

Panduriform, 368. 

Panicle, 170. 

Papery, 379. 

Pappillose, 376. 

Pappus, 1^. » 

Parallel-veined, 78, 7^ 
Parasitic, 72. * 

Parenchyma, 4, 75. 

Partitus, 371. 

Parted, 83, 371. 

Pectinate, 372. 

Peddte, 372. 

Pedicel, 154, 169. 

Peduncle, 154, 169. 
Pellucid-punctate, 134. 
Peltate, 82. 

Peltinerved, 82. 

Pepo, 227,231. 

Perennial, 380. 

Perfoliate, 94. 

Pericarp, 212. 

Ferichsth, 268. 

Periclinium, 156. 

Peridium, 280. 

Perigynium, 156. 

Perigynous, 188. 

Ferisperm, 239. 

Feristome, 269. 

Persistent, 99, 331. 
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Personate, 182, 364. 
Perspiration, 117. 

Petals, 152, 180. 

Petiole, 7C, 90. 

Pctiolulea, 92. 

Phylloiliiini, 92. 

Placenta, 196. 

“ central, 199. 

“ parietal, 198. 

Plane, 363. 

Plumbeous, 392. 

Plumose, 196, 378. 

Plumule, 241. 

Pileu.s, 279. 

Pilose, 376. 

Pinnate, 87, 373, 274. 

Pinnatciy cleft, &c., 372, 
Pinnatilfd, 372. 

Pinnatispctus, &c., 372. 

Pistil, 152. 193. 

Pith, 42. 

Pitcher-shaped, 365. 

Pitted, 375. 

Podetia, 277. 

Podosperm, 20. 

Pointless, 369. 

Poisons, efiects on plants, 148. 
Pollen, 192. 

PolyadelphoOs, 169. 
Polycarpous, 380. 

Polypetalous, 180. 

Pome, 230, 227. 

Prsefloration, 176. 

Prsefoliation, 70. 

Prarmorse, 368. 

Prickles, 26 
Prickly, 378. 

Priraine, 202. 

Primordial, 96. 

Principles of Classification, 286. 
Prismatic, 363. 

Procumbent', 387. 

Properties of tissue, 104. 
Prostrate, 387. 

Proteranthous, 380. 

Pubescent, 376. 

Pulverulent, 377 
Pulvinate, 364. 

Pumilus, 379. 

Pungent, 369. 

Pusillus, 380. 


Pygmsens, 379. 
Pyramidal, 362. 

Pyriform, 362. 

Pyxidiuin, 221, 224, 230. 

Ctiiadrilateral, 363. 
Ciuinquefoliolatc, 375. 

Raceme, 170. 

Rachis, 169. 

Radiate, 391. 
Radiated-veined, 81. 
Radical, 96. 

Radicle, 241. 

Ramcal, 96. 

Ramose, 3S3. 

Raphe, 204, 2 37. 
Ray-florets, 184. 
Receptacle, 201. 
Recurved, 386. 

Reflexed, 386 
Regma, 224. 

Regular, 365. 

Repand, 370. 

Repent, 387. 

Roniform, 367. 

Rcsin-Iike principles, 136- 
Respiration, 118. 
Resupinate, 385. 
Reticulated, 78, 375. 
Retrorse, 387. 

Rctuse, 368. 

Revolutc, 386. 
Rhizocarpous, 380. 
Rhizoma, 35. 

Rhomboid, 367. 

Ribs, 74. 

Ringent, 1S2, 364. 

Root, 26. 

Root-stock, 35. 

Rostellate, 369. 

Rostrate, 369. 

Rosniate, 390. 

Rotate, 182, 364. 
Rotundus, 366. 

Rounded, 368. 

Roundish, 366. 

Rufous, 382. 

Ruminated, 239. 
Runcinate, 370. 

Runner, 35. 
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S»f«, **CFINlU]/r, 113. 

■* W»&or»(rtl, IS/. 
S»f>.»owl, ■M. 

S«rroc»qi, 817. . 

Kc«l>roii». 376. 

SSc»l», 377. 

Sc«odent, 3S6. 

Scapr, 175. 

Hcanuui, 379. 
iScarrrci, 373. • 

Scounn^-rufh, 856. 
Scrobiculate, 375. 

S«urty. 377. 

Scuitilum, 877. 

Scyplia, 377. . 

''Sca-wMxia, «t)3. 
Sacrctjoni, 130. 

Sfclos, 371. 

Secund, 3^. 

Secundine, 808. 

Seed, 833. 

« naked, 834. 
Seed-vetael, 818. 

Scnaible rooeemenla, 147. 
Seoai'.ire plant, 107. 
Sepata, 153. 

Septicidal, 816. 

Scpufrai^4 

Seticeoua, 377. 

S«rate, 370. 

Seirulate, 370. 

Scaailo, 308. 

SeU, 158, 86a 
Setaceoua, 366. 

Seloae, 369. 

Sheathing, 91. 

Sbeatha, 91. 

Shining, 37a 
Siena, 394. 

Silieule, 835, 831. 

Siliqne, 235, SSI, 

Silky, 377. 

Biinpie, 373. 

Binuate, 370. 

Bilvety, 381. 


Sleep of pknit, 144. 

Siaoolh, 37d. 

Smut, SU). 

Solitary, 39i. 

Sori'dia, 277. 

Soroaia, 220, 233. 

S/iadix, 16.9. 

Span, 3S0. 

Spatlip, 155. 

Spatuktp, .366. 

Special directions of orgi>“*i 137. 
" of root and stern, 138,143. 
“ of leaves, 143. 

Species, 288. 

Sperinoderm, 239. 
Sphalerocarpium, 227. 
Spheroidal, 362. 

Spike, 169. 

Spikelet, 157. 

Spindle-shaped, 30, 362. 
Spincl69. 

SpiiKwe, 376. 

Spiral, 391. 

Spiral-vessels, 10. , 

Spongelets, 29. 

Spongioles, 29. 

Spongy, 379. 

Sporidta, 288. 

Sporulea, or spores, |153. 

Spotted, 384. 

Spreading, 387. 

Spur, 184. 

Squamose, 377. 

Squamulsc, 158. 

Squarroae, 391. 

Stamens, 152, 186. ^ 

Standard, 183. 

Starch, 124. 

Stearins, 134. 

Stearoptine, 134. 

Stellate, 373. 


Stem, 33. 

Stigma, 195, 153. 
Stinging, 378. 

Stipe, 196,260, 879. 
Stipules, 100. 
Stings, 25. 

Stipitate, 388. 
Stipuloles, 102. 
Stolon, 36. 

Stoma, 869. 
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Stomata, 20, 
Straight, 396. 
Straighl-vcincd, 93. 
Strap-shaped, 366. 
Striate, 375. 

Strict, 385. 
Strigosc, 370. 
Striped, 384. 
Strobile, 238, 232. 
Strophiole, 235. 
Style, 152, 195. 
Sub-flasses, 293. 


Suberose, 379. 
Sub-genera, 292. 
Sub-morsed, .387. 
Sub-orders, 293. 
Subovate, 393, 
Subulate, 366. 
Succulent, 379. 
Sucker, 35. 

Sugar, 126. 

Sulcate, 375. 
Supradecompound, 89 
Sutnrcs^218. 
Swimming, 387. 
.Sword-shaped, 366. 
Synanlhous, 380. 
Syncarpium, 223. 
SyncarpouB, |97. 
Synconus, 228. 
Syngenesioua, 188. 


TortaotM, 3S8. 
Tonilo**, 

T«»ru», 201- 
Tt«napif»t»oO, 117. 
TraM^rorm, „ 

Triim^ular, 28S, S87. 
"I’lrichotoiaou*, 873. 
TndentaVc, 363. 
'i'riedral, 363. 
Tnfarioua, 391» 


Trigonous, 363. 
Trtftloral, 363. 

Tripe de roche, 278. 
Tnpinnate, 89, 374. 
Tric|uotrou^ 363. 
Trumpet-ahaped, 364. 
Truncate, 368. 


'I'ryma, 226. 
Tubcrcloa, 38. 
Tuberculate, ^6. 
Tuberiferoua, % I. 
Tuberous, 31. 
Tubers, 37. 
Tubular, 363. 
Turbinate, 362. 
Turgid, 365. 
Tunons, 69. 
Turpentine, 133. 
Twining, iS. 
Twisteo^ 177. 


Tap-rooted, 30. 
Tendrils, 102. 

Terete, 362. 
Terminal, 389. 
Ternate, 330. 

T.issellated, 384. 
Testa, 239. 
Tetra^ral, 363. 
Tetradynamons, 189. 
Tetragonoud, 363. 
=ThaUus, 277. 282. 
Thecro, 261, 268. 
Thecaphore, 190. 
Thyrs^ 170. 

Toiae, 380. 
Toraentose, 377. 
Tongne-shap^, 364. 
TooUied, 370. 
Torose, 364. 


Umbel, 172. 
Umbilical^, 387. 
Uinbretla'diaped, 365 
Unarmed, 376. 
Uncinate, 369. 
UnciJored, 381. 
Unditrided, 370. 
Undulate, 370. 
UnifoUolate, 375. 
Unguis, 181. 
Unijugate, 374. 
Unilateral, 391. 
Urceolate, 365. 

• I'triculua, 222, 286. 

Vaginate, 388. 

Value of characters, 3 
Valvate, 177. 

Valves, 198, 
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Varisipated, 384. 
Varieties, 289. 
Varnished, 378. 
Vascular plants, 16. 
Vascular tissue, 10. 
Vegetable acids, 133. 

“ alkalies, 136, 
Veil, 280. 

Veinlets, 74. 

Veins, 74. 

Velutinous, 377. 
Velvety, 377. 

Venation, 77. 
Vernation, 70. 
Vernicose, 378. 
Verrncose, 376. 
Versatile, 338. 

Vertical, 385. 

Verticel, 173. 
Verticillaster, 172. 
Verticillete, 96. 
'Vezilliiin, 183. 


Villous, or villose, 376. 
Viridescent, 393. 
Vitcllus, 240. 
Viviparous, 251. 

Viscid, 379. 

Voluble, 35. 

Volva, 279, 

Waxy, 379. 
Wedge-shaped, 366. 
Wheel-shaped, 182,364. 
Whitened, 382. 

White, 381. 

Wings, 18.3. 

Winged, 91, 364. 
Whorled, 96. 

Wood, 46. 

Woody tissue, 8. 
Wooly, 377. 

Wrapper, 279. 

Zonc^, 385. 






